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ti INTRODUCmian 


Xie URPOSE 

The primary purpose of this thesis research is to com- 
pare the cost to the government of preparing Step Two Special 
Project submissions by two different methods. The first 
method is the use of in-house government employees to do the 
Special Project preparation work. The second method is to 
contract out the Special Project preparation work to an 
architectural and engineer (A&E) firm. A secondary purpose 
for this research is to develop a predictive model for the 
time and cost required to prepare a Step Two Special Project 
submission. The research was conducted on 80 Step Two sma 
missions prepared at two Navy Public Works Centers during 
1984. The remainder of this chapter will introduce and 
brick ly en relevant terminology, and will describe 


the organization of the thesis. 


B. NAVAL SHORE FACTLITIES 

Naval Shore activities are involved in a wide variety of 
Operations and functions, ranging from administrative support 
commands to Naval Air Stations to complete industrial facie 
ties such as Naval Shipyards. Despite this diversity, all 
shore activities have in common the function of supportrmeieas 
one way or another the operating forces of the Navy > 3teme= 


able to carry out their missions properly all shore activities 


must establish and maintain the proper amount and type of 
Pie sical plant and public works facilities. Typically, the 
maintenance, repair, and construction of real property facil- 
ities and land occupies a major portion of an activity's 
budget, and the adequacy of such facilities has a direct 
Mapact On the ability of the shore activity to perform its 
mission. Thus, close attention to facilities planning, con- 
struction, maintenance, and repair is a requirement for a 
successful shore activity. The responsible management of 
scarce resources is also a necessity to enable each activity 
to stretch each available facilities dollar to the maximum 
extent possible. Only through such management can the often 
aged and obsolete facilities that exist throughout the Navy 
be best utilized to support the fleet. 

The responsibility for the real property facilities of a 
shore activity rests with the activity Commanding Officer, 
and is normally delegated by the Commanding Officer to the 
Public Works personnel on his staff. Operations and Mainten- 
ance, Navy (O&M, N) funds are provided to each activity via 
its major claimant on an annual basis. Major claimants are 
commands senior to shore activities in the chain of command, 
through whom the shore activity receives operating funds. The 
O&M,N money provided is used by the activity to maintain and 
repair its facilities. A small amount of O&M,N funding is 
also provided for the modification of existing facilities 


Or the construction of new facilities. In general, a shore 


activity has complete control over how the O&M,N facilities 
money 1S spent. There are, however, limits on the amount of 
money that Commanding Officers are allowed to spend on individ- 
ual, specific projects. Projects of either ayredamemen 
construction nature that exceed the Commanding Officer's 
funding authority must be referred to higher authority for 
appeoval and funding. 

The Special Project program has been developed for those 
maintenance, repair, and construction projects that exceed a 
shore activity's Commanding Officer's funding authority. The 
Special Project program enables shore activities to request 
that their major claimants fund projects that exceed their 
own funding authority. Very large projects require Assistant 
Secretary of the Navy (ASN) approval, but the vast majority of 
Special Projects are approved and funded at the major claimant 
level. 

Large projects of a construction nature are funded directly 
by Congress through the Military Construction (MILCON) progiame 
This is accomplished through a separate annual appropriation 
passed each year which specifically identifies the projects to 
be funded. 

Despite not being able to fund their own large projects, 
indrmyrdual anaes activities must take the responsibility and 
action of identifying and initiating projects to be submitted 
to higher authority for approval. This facility planning 


function is normally accomplished by those personnel at the 
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Maem ley LoslOnstole £Or carrying out the public works 
function. Once an activity has identified a necessary 
facilities project that exceeds its own funding authority, 
the activity must then prepare the proper project documenta- 
tion and funding request for submission to higher authority. 
Specific guidelines for the preparation of project documenta- 
tion packages required for different types of Special and 
MILCON projects are provided in OPNAVINST 11010.20D "Facil- 
ities Projects Manual." 

Shore activities face a choice in the method of prepara- 
tion of project documentation. The activity may use its own 
personnel, if these personnel have the expertise and time 
available to prepare the project submission. As an alter- 
hative, fame waeetvyity Nas the authority to contract for 
services, the activity may enter into a contract with a local 
architectural and engineering (A&E) firm to prepare the 
project. Another alternative, for activities that are sup- 
ported by a Navy Public Works Center (PWC), is to request 
that the PWC do the project preparation work. PWCs are 
Separate commands responsible for providing public works 
services on a centralized basis to shore activities ina 
Given geographical are PWCs also have the option of uSing 
their in-house Civil Service engineers or to use an A&E 


memeract to do the actual work. 


kal 


Whether a project documentation package is prepared by 
government employees or by A&E contract, Significant cost is 
incurred to produce the final package. In the case of work 
performed by government employees, all of the expenses 
associated with the employees effort including fringe 
benefits, overhead, and work environment costs must be 
included to achieve a true picture of the total cost. In 
the case of work performed by an A&E firm, the government 
incurs administrative and other costs beyond the amount of 
money paid to the firm. Government engineers and other 
personnel are still active in the contracted project prepara- 
tion process, preparing and administering the Gontrace 
working with the A&E to ensure that the work is being done 


properly, and reviewing the final product for adequacy. 


C. GOVERNMENT CONTRACTING VERSUS IN-HOUSE PERFORMANCE 

It is the stated policy of the government to rely upon 
the private enterprise system to supply its needs, except 
where it is in the national interest for the government to 
directly provide the products and services it uses. This 
policy stems from the reasoning that in the process of 
governing, the government should not compete with its 
citizens, and that the competitive system is the primau 
source of national economic strength. This national poli 
was initiated through Bureau of the Budget Bulletins in the 


1950's and has been perpetuated through the now well known 
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Office of Management and Budget Circular No. A-76. This 
circular was first issued in 1966, and was last revised in 
m933. 

ine waste requirement of Circular No. A-76 is that 
government agencies identify those commercial activities 
that can be performed by contract as well as by government 
mmeovees. Once these activities are identified, agencies 
must regularly conduct cost comparisons to determine the 
most cost effective method of performing the work. Only if 
the cost comparison shows that the function can be performed 
at less cost by in-house personnel will the function be 
retained in-house. 

Pecerding tO ,Eme Circular, certain functions performed 
by the government are inherently governmental in nature, 
being so intimately related to the public interest as to 
Mandate performance only by government employees. These 
memctlons are not considered to be in competition with the 
commercial sector, and are thus exempt from the requirements 
Of A-76. Generally, these functions include those activities 
which require either the exercise of discretion in applying 
government authority or the use of value judgement in making 
decisions for the government. The preparation of Special 
Project submissions falls into this category of function, and 
has thus been exempt from cost comparison studies. 

Despite this exemption much Special Project preparation 


work is performed by A&E contract at PWCs. The ability to 
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contract this work enables the Navy to bring outside expert- 
ise into the facility planning process when necessary. The 
use of A&E contracts also plays a significant role in expamee 
ing the amount of work that can be accomplished by the PWC 


engineering organizations. 


IBA RESEARCH 

It is the purpose of this thesis to investigate the 
costs associated with the preparation of Special Project 
documentation, and to compare the cost of in-house prepara- 
tion versus A&E contract preparation. Special Project 
documentation is prepared in two sequential phases, the Step 
One Submission and the Step Two Submission. Both steps are 
Submitted from an activity to its major claimant. Step Ones 
are general in nature, providing a brief description of the 
project and a rough cost estimate. Step Twos provide more 
specific information about the project and a more detam@ies 
cost estimate. Step Twos are normally requested by an 
activity's major claimant when funding of the projecumn 
planned. This thesis will focus only on the costs associated 
with the preparation of Special Project Step Pwos 7 vaca 
limited amount of Step One preparation data was available. 
Because of travel constraints, the research was limited to 
Step Twos prepared at Navy Public Works Center, San Francisco 


Bay, and Navy Public Works Center, San Diego. 
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The intent of the research was to compare the costs to 
the government of the preparation of Step Twos by in-house 
personnel versus the cost to the government of contracting 
for the preparation of Step Twos. Two PWCs were chosen for 
the research because of the availability of a large amount of 
projects data, and because of the relatively sophisticated 
cost accounting system utilized at PwCs. The costing system 
is designed to provide service rates that very closely track 
the actual "full" cost to the government of performing any 
in-house work. 

In conjunction with the cost comparison, an attempt was 
also made to develop a model that could be utilized to predict 
the costs that might accrue to any particular Step Two prepara- 
tion job. This predictive model was based on certain per- 
tinent characteristics of the Special Project itself. 
Additionally, the data was analyzed to determine if it would 
be possible to predict the type of Special Project that would 
be the most cost effective to contract out rather than do 


in-house. 


Eee = METHODOLOGY 
The research was conducted by travelling to the two PWCs 
involved, and collecting actual data from completed Step 
Two Special Project work requests. Data was collected on 
80 Step Twos prepared during 1984. After the data collection, 


the information collected was analyzed for the purposes 


iB: 


of the cost comparison and model formulation. Standard 
statistical techniques were employed for the analysis of 
the data collected and the interpretation of the results 


Obtained. 


F. THESIS ORGANIZATION 

Chapter II provides a background discussion of the 
Special Project program, the Naval Facilities Engineering 
Command, Public Works Centers, and their organization. The 
chapter also includes a description of the cost accounting 
system in use at PWCs and discussion pertaining to the cost 
comparison. 

Chapter III describes the methodology of the thesis 
research. Specifically, the development and description of 
the database, the analytical computations and statistical 
techniques performed, and the formulation of cost models are 
explained. 

Chapter IV presents the findings and discusses the signif- 
icance of the results. Additionally, alternatives are discus- 
sed with regard to both in-house and contract work performance: 

Chapter V concludes the thesis with a summary of the 
background discussion, objectives of the research, and 


results. 


an 


II. BACKGROUND 


Pee 6 OPECIAL PROJECT 
ie background 

Navy policy provides for an activity to administer 
the maintenance and repair of its real property. The 
activity, through its Public Works staff, determines the 
work that must be done, assigns priorities for the work, and 
arranges for the performance of the work in any one of a 
variety of ways, depending on the organization. However, 
there are limits on the amount of funds that an acGeivlLey 
Memmanding Officer can spend on a particular project. Pro- 
jects that exceed a Commanding Officer's funding aiEdei cy 
are submitted to the activity's major claimant for approval 
and funding. A project is a single Bplannee Undertaking of 
Semstruction, repair, maintenance, SECC nene installation 
work, either separately or in combination, necessary to 
Satisfy a finite requirement. [Ref. 1: p. 7-1] 

2. Project Approval 

A chart showing project approval authorities, ob- 
eaamed from the Civil Engineer Corps Officers School text- 
meee special Projects Seminar’ [{Ref. 2: p. 1243-2], is 
provided as Figure Wr emeolevanenmeunaing authority divid- 
ing line for Special Projects is that between an activity 


@emmanding Officer and the Major Claimant of the activity. 


Ie 


APPROVAL ANO FUNOING OF WORK ON FACILITIES 0913-383 


CATEGORY OF WORK FUNQ RANGE PROJECT APPROVAL APPROPRIATION 


MAINTENANCE 









ANNUAL 
MAINTENANCE 
& OPERATION 






REPAIRS 






COMMANOING 
OFFICER 







O&MN (LOCAL) 
CONSTRUCT ION 


EQUIPMENT INSTALLATION * 








MAINTENANCE ** O&MN (MAJOR CLAIMANT) 






REPAIRS $75,000 - 500,000 O&MN (MAJOR CLAIMANT) 











EQUIPMENT INSTALLATION * 





> $15,000 O&MA (SPONSOR) 















SPECTAL MINOR CONSTRUCTION 
PROJECTS |[l---- eee ee ee ee ee eee 





$25,000 - 200,000 


> $500 ,000 


O&MN (MAJOR CLAIMANT) 


one-lUlmethmUlU DUC OU rOlUC OhUCUC OTlUC OTUlUC OThUCUCFD 

















REPAIRS 


> $100,000 & 50% of 
replacement value 





EMERGENCY CONSTRUCTION 


>$ 1 Million 
(TOA $30 Million) 




























UNF UNOE D RESTORATION OF OAMAGEO FACILITIES >$ 1 Million MCN 
MILITARY 
CONSTRUCTION 

CONTINGENCY CONSTRUCTION MCN 

UNSPECIFIEO MINOR CONSTRUCTION (UMC) 

MCN (UMC) 
FUNOEO MINOR MILITARY CONSTRUCTION MCN (VARLOCS) 
MILITARY r 
CONSTRUCTION! PLANNING ANO OESIGN > $300,000 

MILITARY CONSTRUCTION PROJECTS >$ 1 Million MCN 

REAL PROPERTY ACQUISITION >$100,000 





* Installation/expense costs only; does not include procurement of equipment. 


** Applies to SPECIFIC maintenance, no limit on continuous maintenance, 


FIGURE 1 
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A Commanding Officer may approve and fund specific main- 
tenance and repair projects costing less than $75,000 each, 
memstruction projects costing less than $25,000 each, and 
equipment installation projects costing less than $15,000 
each. The only limit on the activity, other than those 
stated above, is that the total dollar amount spent on such 
projects may not exceed the activity's budget. Projects 
costing in excess of these amounts must be approved and 
funded by the activity's Major Claimant. 
3. Special Project Preparation and Submission 

Special Projects must be submitted to major claimants 
in two steps. The first step submission is for the purpose 
of identifying the requirement and providing an approximate 
estimate of cost. The second step submission, made when 
project funding appears probable, includes the engineering 
and cost data necessary to define and justify work to be 
done. 

4. Special Project Summary List 

Mimactivttyeannually submits a listing of currently 
required Step One and Step Two unfunded Special Projects to 
MesemajOr Claimant. This report is called the Special Pro- 
ject Summary List. In actuality, three separate lists 
are required to be submitted; one for construction/alteration 
projects, one for maintenance and repair projects, and one 
for equipment installation projects. Projects are listed in 


the priority order that the activity has determined is most 


ED 


appropriate. The Special Project Summary Liston 
activity's formal method of informing its major CGladmancees 
the special projects the activity would most like terse 
funded. The Special Project Summary List must be submitted 
by 15 April each year. [Ref. 2: p. 4730-1] 

5. Project Preparation 

When a facilities project requirement becomes known 
to an activity, the activity is required to prepare the Step 
One Special Project request form, NAVFAC 11014/64A, shown in 
Figure 2 [Ref. l: p. D-13]. For those activities thaes ae 
served by a PWC, the PWC is responsible for providing the 
project preparation work. The shore activity also must 
identify the project on its Special Project Summary List as 
long as the project remains valid. Once the submission is 
prepared, the activity submits the project request Step One 
to its major claimant. 

The major claimant then reviews the project ae 
makes a determination regarding when the project might be 
Eunded, This déeiretensrs heavily influenced by the activity’s 
own prioritization of the project on the Special Project yous 
mary List. When funding 1S programmed the major claimame 
advises the activity to submit a Step Two Special Project 
request. 

When advised by the major claimant that funding of 
the project is planned, the shore activity 1s required to 


prepare the Step Two Special Project request form NAVFAC 
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SPECIAL PROJECT REQUEST (INTERIM) 
aovine Tergmse bY 





om Cle) eer STEP ONE SUBMISSION 

Ego PART | — SU@MISSION 

LO ROM (Acmerp ose and be LACTIWITY te. al a 
Naval Construction Battalion Center, Gulfport, “S 39501 62604 


Naval Facilities Engineering Command, Alexandria, VA 22332 Via: Southern Division 
4 PROACT BO. nT. 


R11-81 Repair Roof Covering Building 60 
arr 
. [X} AAT REPAIR . C7 meg oe a ee . AIR CONDITIONING ry (4 Nera tion 





6 CRBC AWTIOm 260 FUTON OF FACILITY @ FROFLATY ASCORO CARO OG. 


2~00785 


& navy CATEGORY COGE 


610-10 






Building 60 is a two-story, pre-engineered, metal roofed, masonry 
sided, slab on grade structure which houses this Center's hnead- 
quarters, Civilian Personnel Officer, Public Affairs Officer, Legal 
Office, and Personnel Activity Support Office. 
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The present roof on Building 60 consists of metal panels and despite all efforts to 
seal panel joints, the roof continues to leak. It 1s proposed to over lay the 
present roof with a plywood, built-up, aspnalt, aggregate-surfaced roof. 
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I1014/64 and a Cost Estimating Form, NAVFPAGC 1 i¢i =e [Ret 
p. D14-15] Appendix A shows a sample of a Step Two submission. 
The activity Public Works Officer or other cognizant pemeem 
as designated by the activity must provide certification in 
Block 28 of the request form that the project meets all of 
the criteria set forth in OPNAVINST 11010.20D. 
6. Navy Industrial Fund (NIF) Activity Projects 

Costs of maintenance and repair of the plant at a 
NIF activity are considered as overhead in the case of 
buildings and equipment, or as direct cost in the case of 
utility distribution systems or facilities used in direct 
SUppOrt Of predwec-edon- For continuous maintenance there are 
usually no dollar limits, and these costs must be recovered 
from NIF customers as overhead in the rate structure. All 
maintenance and repair projects costing over $75,000 that 
are to be funded as an overhead expense must be approved by 
the cognizant Senior command. In the case of PWCs the senior 
command is NAVFAC headguarters in Washington. 

7. Classification Gf Pregiectes 

The procedures for Special Project submittal, 
administration, and funding depend upon the type of work 
involved in the project. The Special Project classification 


is derived from the work involved; the four classitieacwens 


of projects are: construction, repair, maintenance, and 
equipment installation. These classes are defined as 
follows: 
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Cosette rUuan mC ONnSteEMCtlOn 1s the erection, instal- 
lation, or assembly of a new real property facility; the 
addition, expansion, extension, alteration, conversion, or 
replacement of an existing real property facility; or the 
relocation of a real property facility from one installation 
to another. Construction includes equipment installed in 
and made a part of such facilities, and related site prepara- 
[jmmen, excavation, filling and landscaping, or other land 
improvements. [Ref. 1: p. 3-1] 

Repair: Repair is the restoration of a real property 
Maerlity to such condition that it may be effectively utilized 
for its designated purposes by overhaul, reprocessing, or 
replacement of constituent parts or materials that have 
deteriorated by action of the elements or usage and have 
not been corrected by maintenance. [Ref. 1: p. 4-1] 

Examples of repair projects are: replacement of 
broken piling, deck or structural elements of a pier or 
Wharf; roof repair by replacement; and replacing broken 
pavement or overlaying worn or deteriorated pavement. 

Maintenance: The recurring day-to-day, periodic, or 
scheduled work required to preserve or restore a real prop- 
erty facility to such a condition that it may be effectively 
utilized for its designated purpose is defined as 
"Maintenance." The term includes work undertaken to prevent 
damage to a facility that otherwise would be more costly to 


Mmestore. |Ref. 1: p. 5-1] 
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A clear line cannot always be drawn between main- 
tenance and repair; judgement must be exercised in differen- 
tiating between these categories of work. As a general rule, 
maintenance differs from repair in that maintenance does not 
involve the replacement of parts of a facility, but consti- 
tutes the work done on the parts to prevent or correct wear 
and tear and therefore forestall replacement. 

There are two broad types of maintenance effort; one 
type readily lends itself to the Special Projects program 
while the other does not. Specific maintenance is the 
Maintenance of a facility on a specific job order basis. 
This type of work recurs over a given cycle, but is not of a 
continuous nature on a particular facility. The extemiam 
painting of a building is an example of specific maintenance 
work. The other type, continual maintenance, iS maintenance 
performed on a standing job order or maintenance service 
contract basis. This work is highly repetitive on a ponewem 
of the facility, and extends throughout the year or season 
(an example would be a maintenance contract on an air 
conditioning system in a building). Specific maintenance is 
the type which can be accomplished by Special Project. 

Equipment Installation: Equipment installation refers 
to both installed equipment and personal property. 

Installed equipment, sometimes called built-in 


equipment, iS accessory equipment and furnishings that are 
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required for operation and are affixed as a part of the real 
property facility. The equipment is engineered and built 
mito the facility as an integral part of the final design 
and as an essential part thereof. Equipment of this type is 
considered part of the real property. 

Personal property, sometimes called plant equipment, 
Or equipment in place, is defined as accessory equipment and 
furnishings that are movable in nature and not affixed as an 
integral part of the real property facility. This equipment 
includes all types of production, processing, technical, 
training, servicing, and RDT&E equipment. [Ref. 1: p. 6-1] 

Eee OLicy 

Incrementation: No project may be subdivided in order 
to reduce the cost for purposes of circumventing programming 
and approval requirements. Each project must result ina 
complete and usable real property facility or improvement 
thereto. The planned acquisition of, or improvement to a 
real property facility through a series of minor construc- 
tion projects is prohibited. All construction requirements 
miesupport of a single specific project at an activity must 
mewogrOuped into a single project. Multiple minor construc- 
on meoneces for facilities with different category codes 
in support of the same specific purpose at the same activity 


are not allowed. 
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Repair Project Policy: In general, repair projects 
should be accomplished using material similar to the original. 
However, if a direct replacement is not available or if im- 
proved materials are available, and if justified by an econom- 
ic analysis, substitutions may be made. Also, during the 
course of a project constituent parts (such as utility ser- 
vices) may be increased in size to meet current demand. 

When the scope of a repair project exceeds 50 per- 
cent of the replacement value of the facility and the cost 
exceeds $100,000, the project must be approved by ASN 
(M,RA&L). The facility replacement value is determined from 
the property record for Ehateraciw i: | 

9. Special Proj ect Chronolod 

An activity may submit Step One special project 
requests tO its major claimant at any time of the year, and 
in general activities submit projects upon the identification 
of a specific facility deficiency. The project will themes 
added to the activity's special project summary list for 
its next submission to the major claimant. The major claimant 
collects the special project requests from all of the activ- 
ities under its cognizance, and based upon its own priorities 
and the expected level of funding, develops a special project 
execution plan. Each activity is notified of the projects 
it can expect to have funded, and is requested to provide the 
Step Two submissions at this time. Once the Step Two is 


completed the geographic EFD is authorized to proceed with 
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project design. The Step Two serves as the definitive state- 
ment of the project scope of work, enabling the design agent 
to award an A&E design contract. 

timer acerca, wenrougs antormal contact withthe major 
claimant and past experience, many activities are able to 
predict which special projects will be included on the 
execution plan. They are thus able to have their Step Two 
Submissions ready, or already submitted when the execution 
plan is promulgated. Also, many activities will skip the 
Step One submission phase for projects of a critical nature, 
going directly to the Step Two. This is done because the 
feeivity plans to assign the project a very high priority on 
its summary list and funding is thus relatively certain. On 
the other hand, some projects may be chosen for Funding by 
the major claimant on short notice, in the event extra money 
becomes available. In this event, activities must expedite 
Step Two preparation so that formal project approval and 
Mmineing can take place prior to the expiration of project 
funds. 

Step Two special project submissions normally are 
retained by the major claimant, unless forwarding to ASN 
for approval is reguired.. In the review process, claimants 
are generally concerned with the necessity of the project, a 
well defined project scope of work, and the accuracy of the 


cost estimate. A well defined scope of work and a good cost 
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estimate are important in reducing the occurrence of future 


program problems due to scope changes and cost overruns. 


B. NAVFAC 
1. General 

The Naval Facilities Engineering Command (NAVFAC), 
one of the systems commands which reports to the Chief of 
Naval Material, 1S responsible for and authorized to per- 
form the design, planning, development, procurement, construc- 
tion, alteration, repair and maintenance at shore activities 
of the Naval establishment for public works and public 
utilities; and to procure construction, transportation, same 
weight handling equipment. The Command exercises technical 
control in connection with alteration, repair and maintenance 
of public works and public utilities, and establishes operat- 
ing standards and procedures pertaining thereto. 

Specifically related to the action of an activity's 
Public Works Department or to a Public Works Center, NAVFAC 
provides advice and assistance regarding maintenance of public 
works, establishes standards and procedures for administra- 
tive and technical functions, provides professional and tech- 
nical advice, and performs technical functions. 

NAVFAC's role is one of providing advice and assitee. 
ance to activities, and of being the superior command to 
which Public Works Centers report. However, this has not 


always been the case. During the 1950's each independent 
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Bureag and OftLice pursued facilities management according to 
its own habits and customs, and there was no centrally 
coordinated program. Partly as a result of the deteriorated 
condition of Naval shore facilities, in 1963 the Secretary 
of the Navy designated the Bureau of Yards and Docks (soon 
to become NAVFAC) as the single executive for the maintenance 
of real property with full responsibility for the program, 
m@eduding Eunding. With the advent of Project PRIME in 
1967, CNO assumed the functions of the single executive, 
with NAVFAC providing expert advice and assistance in 
Facility matters. Funding and management for facilities now 
follow the same lines as command, with funds provided in a 
Single operations and maintenance budget. [Ref. 3: p. 66] 
2. Engineering Field Divisions 

The Engineering Field Divisions (EFDs) carry out the 
NAVFAC mission in the field, with each EFD given respon- 
Spt lity £Or a specific geographic area. The EFDs are tasked 
to respond to the requests of individual activities on 
Facilities matters, and they also provide the same assistance 
to PWCs. In the NAVFAC chain of command EFDs fall between 
NAVFAC Headquarters in Washington and the individual Public 
Works Centers in their geographical region. There are six 


Bes: 
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LED LOCATION AREA 


Pacific Dayisieon Hone bullae Pacific Ocean area, 
Alaska, Hawaii 


Atlantte Pivisrvon Norfolk, VA Eastern U.S., Eurema 
Atlantic and Caribbean 


Northern Division Philadelphia, PA Northeastern and 
Central Uys 


Southern Division Charleston, SC Southeastern U.S. 

Western Division San Bruno, CA Western U.S. 

Chesapeake Division Washington, D.C. Naval Piserien 
Washington 


The EFDs are directed by a Civil Engineer Corps (CEC) 
Rear Admiral or Commodore as Commander, or a CEC Captain as 
Commanding Officer. The staff consists of a small number of 
CEC officers in key management poSitions and several hundred 
Civilian engineers, technicians, and administrative personnel. 
EFDs become involved in the Special Project program by review- 
ing project submissions when requested to do so by either 
activities or major claimants. They also provide guidance 
and assistance to the PWCs under their cognizance. 
3. Public Works Centers 
On a Navy shore activity, the Public Works Department 
is responsible for all facilities management functions. 
These matters normally include: 
-Facilities planning and programming 
-Real estate management 
-Facility design and construe ten . 
-Facilities maintenance, repair, minor construction, 
alteration, and equipment installation 


-Utility system operation and maintenance 
-Facility disposal 
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-Transportation fleet management, operation and maintenance 
-Housing administration 
-Environmental protection program management. 

Where several activities are located in close proxim- 
ity, one activity may be designated as a Public Works Lead 
Activity (PWLA) to provide facilities management services to 
all activities in that area. The PWLA remains a component 
of one of the activities. However, where a larger number of 
Major activities are concentrated in one area, a Public Works 
Center (PWC) may be established under the command of the Naval 
Facilities Engineering Command (NAVFAC). The minimum criteria 
for establishment of a PWC are: three or more customer com- 
mands, at least 1000 civilian employees, and a total annual 
meget Of $30 million. 

The PWC provides to its customers the same types of 
services as those Oe provided by an activity's own 
Public Works Department; facilities maintenance, utilities, 
and transportation services; at the request of the customer 
commands. The mission of the PWCs, as stated in NAVFAC 
Meeserucm@on 5450.82 [Ref. 4: p. 2] is "... to provide public 
ees, Public utilities, public houSing, transportation sup- 
port, engineering services, shore facility planning support, 
and all other logistic support of a public works nature 
incident thereto, required by the operating forces, dependent 
activities, and other commands served by the PWC." Except 
Petecacilities planning, family housing, inspection services, 


and some engineering services, these functions are performed 
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on a cost reimbursable basis. Commanding Officers of customer 
activities retain financial responsibility for public works 
matters. Although PWCs are not tasked to provide financial 
management support it has been NAVFAC policy to encourage 
PWC personnel to become involved in the facilities management 
budget process of customer commands. 
At present there are nine PWCs, located at: 

San Diego, CA 

Oakland, CA 

Pensacola, FL 

Great Wakes, 2e 

Norfolk, VA 

Pearl Harbor, HI 

Guam 

Subic Bay, Philippines 

Yokasuka, Japan 

4. PWC Organization 
The Commanding Officer of a Public Works Center, 

normally a CEC Captain, reports to the Naval Facilities 
Engineering Command via the appropriate EFD. The PWG" 
relationship with its customers is that of a service 
organization. In general, the PWC is not in the same chain 
of command with its customers. Most PWC customers have no 
in-house facilities maintenance capability of their own, and 
are required to obtain their public works services through 
the PwC. Large customer commands have full time CEC officers 
assigned to their staffs to coordinate the work requested, 
while smaller commands are assigned a part time CEC officer 


representative, who works for the PWC and coordinates the 


work of several smaller commands. 
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To ensure uniformity and promote efficiency NAVFAC 
has promulgated NAVFACINST 5450.21C, "Public Works Center 
meandarad Organization and Functions." This instruction sets 
forth a standard organization to which all PWCs are expected 
and encouraged to adhere. This standard organization is 
Shown as Figure 3. [Ref. 5: enclosure (1)] 

The department involved with the preparation of 
Special Project documentation is the Facilitv Planning Depart- 
ment, Code 100. The Facility Engineering Division, Code 101, 
does the actual project preparation work. Code 101 is divided 
into several branches, based upon engineering discipline. At 
PWC SDIEGO, Code 101 is responsible for all aspects of the 
A&E contracting of work, as well as any in-house work 
required. At PWC SFB, a new division, "A&E Professional 
Services," Code 30A2, was established early in 1984 under 
the supervision of the Production Officer to perform many 
aspects of the A&E contracting process on a centralized 
Center-wide basis. This division was formed to consolidate 
MmemASE Contracting effort of the various PWC divisions that 
Make uSe of A&E contractors. All of the A&E contracts used 
in the accomplishment of jobs covered in this study were 
awarded prior to the formation of Code 30A2. The primary 
Mimettons Of Code 101 are as follows: [Ref. 5: p. 6] 

if Prepares documentation for Special and Military 
Construction Projects including preliminary environmental 
assessments, cost estimates and economic analyses for 


customers. 


2. Conducts engineering investigations and studies. 
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3. Prepares plans and specifications for maintenance 
service contracts. 


4. Conducts special studies of a planning nature such 
as BaSic Facility Requirements (BFRs) and space utilization 
Studies. BFRs are planning documents submitted from activ- 


meres tO Major Claimants that justify an activity's facility 
requirements based upon the activity mission. 


5. Provides input to WESTNAVFACENGCOM regarding develop- 
ment of the regional master plan and activity master plans. 


Se JOorntly wlth thewWworkeProgramming Control Division 
(Code 351) determines facilities planning work that will be 
accomplished via A&E contracts. 
Sedo eenicmceceso much Moke, than erepare Special 

Project Step Two submissions. At PWC SDIEGO in FY 84, 143 
of 405 total work requests received were for Special Project 
preparation. No formal records are kept on Step One versus 
Step Two requests, but according to the supervisory engineer 
at Code 101, very few requests for Step Ones are received. 
{[Ref. 6] He attributes this to two factors; first, due to the 
relatively simple nature of Step Ones, many activities are 
able to do their own, and second, many times activities skip 
the Step One phase of a project submission. Of the remaining 
262 requests received by Code 101, 166 were for engineering 
investigations, 72 were for MILCON project preparation, 21 
were for service contract plans and specifications, and 3 
were for preparing activity BFRs. A breakdown of work 
requests by type was not available from PWC SFB but the 
estimated levels from the Code 101 FY 85 budget submission 
are 152 special projects, 82 engineering investigations and 


planning related reguests, 25 MILCON projects, and 37 
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maintenance service contract plans and specifications. 
[Ref. 7] The PWC SFB Code 101 FY 85 budget estimates thar 
27,700 in-house and 26,200 A&E manhours will be spent on 
these work requests. The estimated total dollar value of the 
Special and MILCON projects to be prepared is approximately 
$400 million. The figures for PWC SDIEGO manhours and project 
value are approximately one third greater than those for PWC 
See. 
9. PWC Work Flow 

Work is requested by customer commands through the 
use of standardized request forms. All work requests go 
first to the Production Management Office (Code 350) for 
entry into the PWC Production Management system before being 
routed to the appropriate division for work accomplishment. 
The purpose Of, thie Produce re nm Management system is to provide 
a uniform methodology for screening, estimating, planning, 
and processing all of the work performed by the PWC. ‘The 
system also produces a variety of different reports related 
to the operations of the PWC and its various departments... 
Code 350 is responsible for the maintenance of the Production 
Management system, and is responsible for providing a single, 
centralized point of contact to PWC customers for Jeb Sac. 
inguiries. 

Once Code 350 has created a job file, a request for 
Special Project preparation is sent to Code 101. Upona 


job's arrival in Code 101, the division's supervisory 
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engineer assigns it to the appropriate branch, based upon the 
predominant discipline involved, and then the branch head 
assigns the job to one of the engineers in the branch. The 
engineer to whom the job is assigned is known as the Engi- 

neer in Charge, or EIC, and is responsible for all aspects 
Semehne completion of the job. If the job is to be done in- 
house the EIC does it, and if the job 1s to be done by A&E 

the EIC does all of the work required in awarding the contract, 
working with the A&E, and reviewing the A&E's work. 

The decision as to whether or not to contract out a 
particular job is made at the EIC level, unless special 
instructions have been given to him. For example, several 
months ago PWC SFB adopted a policy of doing all Special 
Project preparation work in-house and PWC SDIEGO has insti- 
mmeed a policy that all EICs must have at least one job out- 
standing that they are doing themselves. In cases other 
than these, the EIC bases the contracting decision on his 
own workload at the time, as well as any pertinent factors 
in the job itself. Certain jobs may require expertise not 
avallable among the in-house employees, although this prob- 
lem is relatively rare. The greatest factor in the contract- 
mamcdecision is the workload, in that the amount of work 
requested of Code 101 exceeds the manpower available to 
accomplish the work. Since contracting reguires the use of 
fewer in-house manhours than doing the work in-house, 


contracting is used as a method to increase work output. 
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Other than the above mentioned policies that have been im- 
plemented, specific guidelines concerning the contracting 
decision are not utilized on a regular basis at either PWC 
SFB or PWC SDIEGO. Similarly, there are no specific guides 
lines concerning acceptable job completion times. 

Despite the fact that a job is to be done by an A&E 
firm, there still is much work that must be done by the EIC 
in support of the effort. This includes: | [eum 


1. Writing a scope of work to define the work desired 
from the A&E. 


2. Preparing the government estimate for the work. 


3. Negotiating the contract modification with the A&E 
feat rem 


4. Writing the Board Report concerning the contract 
MOGgLlieateren. 


5. Assisting the A&E with any problems related to the 
successful accomplishment of the work. This includes such 
matters as gaining access to project sites, obtaining 
facility engineering drawings, and acting as liaison 
between the A&E firm and the customer activity. 


6. Reviewing the A&E firm's submittals and certifying 
the firms invoices for payment. 


Once a job has been completed, it is reviewed by the 
branch head, the Code 101 supervisor, and the Facility Plan- 
ning Officer. The customer activity is also given the op- 
portunity to review and comment on.the project prior to its 
final preparation. After the reviews have been completed and 
the necessary changes made, the final submittal is sent to 
the requesting activity. The job folder is then returned to 


Code 350, along with a copy of the Step Two, and the Jobe. 
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closed out of the system. Job order files are retained at 


Code 350 for record purposes. 


feeelae NEGOTTATED ARCHITECT AND ENGINEER CONTRACT PROCESS 

WieewOrtacer ian Charge of Construction (OICC), Navy Public 
Works Center, San Francisco Bay and the OICC, Navy Public 
Works Center, San Diego are delegated contractual authority 
by Western Division, Naval Facilities Engineering Command 
(WESTNAVFACENGCOM) for A&E contracts. This authority 
includes specific A&E contracts not to exceed $100,000 and 
open-end multi-service contracts not to exceed $200,000. 

In accordance with Public Law 92-582, all A&E selections 
which are expected to result ina fee in excess of $10,000 
must be synopsized in the Commerce Business Daily. [Ref. 9: 
p. 5.3.3] A&E selections of lesser amount are to be pub- 
licized through appropriate notices at the contracting office 
and other places where they will give reasonable notice to 
A&ES in the area of the project. Each such synopsis or 
Other publicizing must set forth the significant specific 
evaluation factors to be Peoielcar in making the selection 
decision. The following items are examples of A&E selec- 
mom evaluation criteria: [Ref. 9: p. 5.3.3] 

1. Specialized experience of the firm in the type of 
work required with a listing of specific skills required 
for the project; 


2. Professional capacity of the firm to accomplish 
the contemplated work within the required time limits; 


3. Professional qualifications of staff to be assigned 
meeche project; 


ay, 


4. Innovative design capability; 


5. Adequacy and qualification of subcontractorsmam 
Consultants; 
6. Past experience, if any, of the firm with respect 


to performance on Department of Defense contracts; 


7s Cost controlsettecteaveness- 
8. Present workload; 
9. Location of the firm in the general geographical 


area of the project, provided that there is an appropriate 
number of qualified firms therein for consideration; 


10. Volume of work previously awarded to the firm by 
the Department of Defense. 


At least 14 days must be allowed after publication of a 
synopsis in the Commerce Business Daily to permit any firms 
wishing to be considered for selection to indicate that fact 
and file any necessary forms. The following wording must be 
utilized to conclude each synopsis issued: 
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"A&E firms which meet the requirements described in this 
announcement are invited to submit completed Standard Forms 
254 (unless already on file) and 255, U ls.) Geyeenneus 
Architect-Engineer Qualifications, to the office shown 
below. Firms responding to this announcement by (date) 
will be considered, and firms having a current SF 254 on 
file with this office can also be considered." 
(Reb. 92 pb: Seasae 

Standard Form 254s are kept on file and updated period- 
ically in contracting offices by A&E firms which wish tombe 
considered for selections by that office. The Standard Form 
is a general resume of the firm's experience. A firm which 
does not have a Standard Form 254 on file but wishes to be 
considered for a particular procurement may file that form 


along with the Standard Form 255 and/or other Gndicariomee 


iimeontes ts 
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The Standard Form 255 is a statement by a firm of its 
qualifications for a particular project for which selection 
is about to be made. The synopsis or other publicizing may 
require the submittal of a Standard Form 255 if the esti- 
mated fee of the A&E contract is under $25,000, but the 
Synopsis must require the submittal of a Standard Form 255 
by interested firms if the estimated fee is in excess of 
that amount. In the case of Special Project Step Two prepara- 
tion, the contracts are generally grouped on open-end con- 
tracts, and are therefore expected to exceed the limit, thus 
requiring the Standard Form 255. 

The awarding of an A&E contract requires three major 
actions or phases to be completed. These are pre-selection, 
selection, and negotiation and award. 

1. Pre-Selection 

The first step in the awarding of an A&E contract is 
ime convening of a Pre-Selection Board for the purpose of 
Semprling a slate of qualified firms for the work. The mem- 
bers of the committee are engineers selected from among the 
employees of the PWC on the basis of experience. The Pre- 
Selection Board is made up of a chairperson and at least 
two other members. The Pre-Selection Board is provided with 
the proposed scope of work, government cost estimate, SF-254s 
and 255s, and responses to the Commerce Business Daily 
announcement. The slate of qualified firms is not to be 


prepared from personal records of individual committee 
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members. The Pre-Selection Board also considers any expe— 
rience data that is on file with the EFD, supporting data 
and information that may be obtained from other EFDs, the 
Army Corps of Engineers, other government agencies, and 
supplemental information that may be requested from and sub- 
mitted by prospective contractors. 

The Pre-Selection Board evaluates each firm ine 
of the criteria set forth in the synopsis. Substantial 
efforts should be made to bring new A&E firms (those who 
have never been awarded an A&E contract or have not recently 
been awarded an A&E contract) into the selection process. 
Each Pre-Selection Board must assure that new firms are given 
every opportunity to participate on a fair and equitable 
basis in the A&E program. It is firm DOD and NAVFAC policy 
that A&E contract selections shall be spread among all 
qualified firms including small and minority firms. Althowem 
primary consideration should be given to experiencameand 
Satisfactory performance, effort shall be made to spread the 
work and give consideration to new firms. Firms having 
awards of $100,000 or more in the current or preceding year 
normally will be excluded if other firms are available. 

The Pre-Selection Board submits a written Board 
Report to the OICC, stating that the recommendations con- 
tained therein are based on an examination of contractor's 
brochures, performance records, and indicating the criteria 


used in making the slate selection. The Pre-Selection Board 
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recommends several firms for consideration by the Selection 
-Board, with the exact number depending on the size of the 
project. At least three firms must be chosen for all proj- 
ects, with more firms recommended for larger and more complex 
projects. 

The OICC may approve the slate as submitted, or, 1f 
not satisfied with the report of the Pre-Selection Board, may 
return the slate to that committee or to a new Pre-Selection 
Board with instructions to restudy and prepare a new slate. 
An OICC may not add firms to or delete firms from a slate. 
Once the slate is approved it is considered that every firm 
on the slate 1s basically qualified to perform the work in 
question. 

ee Selection 

The approved slate is then forwarded to the Selec- 
tion Board, together with all of the information on the firms 
available. The Selection Board has the same number of mem- 
bers as the Pre-Selection Board and is also made up of PWC 
engineers and architects. No person may serve on both the 
Pre-Selection Board and the Selection Board. The Board 
interviews the recommended firms with regard to establishing 
their technical qualifications, experience, organization, 
Capacity, current workload, immediate availability, key 
individuals who will be doing the work, and other relevant 
Mierors. There is no diScussion, at the time of the inter- 


view, of the price to be paid for the services. However, 
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the general magnitude of the work may be indicated for the 
purpose of avoiding misunderstandings. The Selection Board 
may not add firms to, or delete firms from, the slate. 

If the Government estimate for the contract is less 
than $10,000, the selection may be based on prior interviews 
or the data on file, subject to telephone verification of 
the firms interest in the project. Since most Special 
Project Step Two preparations are accomplished as amendments 
to open end contracts of greater than $10,000, this method 
1s not appropriate. 

If the Government estimate exceeds $10,000 Gr Ewe 
project is of more than routine difficulty, the selection 
must be based on oral or written communication with the 
recommended firms. Discussion may be carried out by tele- 
phone unless the contract is expected to exceed $50,000, in 
which case personal interviews are required with at least 
three Board members present. | 

As soon as possible after the interviews, the Board 
Shall, in private session, discuss the qualifications of the 
firms interviewed. The Board members shall, by secret 
written ballot, select the firm they consider best qualified 
to perform the project under consideration. The Board also 
selects a second and third firm in order of preference. ae 
is within the discretion of the Board to decide, before a 
ballot is taken, whether a simple majority or some greau—e 


percentage is required for selection. 
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A Board Report, in the form of a written recommenda- 
tion to the OICC shall include an explanation of the reason- 
ing on which the Board recommends the particular firm, but 
shall not indicate how individual members of the Board voted. 
The OICC shall specify in writing his approval or disapproval 
of the firm selected. 

The contractor who is selected shall be advised by 
letter that the OICC wishes to receive a price proposal for 
the services in question with a view toward entering into a 
contract if a satisfactory price agreement can be reached. 

It should be clearly stated that this notice is not an award 
or a commitment by the Government. Suggestion that the 
PemcractOor Visit activities or incur other costs in prepara- 
tion for the price discussions is desirable. However, it 
Eould be stated that the suggestion is made for the con- 
tractor's benefit and that any decision as to whether to 
comply is at his own discretion. The Government will not be 
responsible for any such costs incurred. 

3. Negotiation and Award 

After receipt of the price proposal from the selected 
A&E firm, the Negotiation Board reviews and compares it with 
the government estimate in order to determine whether or not 
there are any significant differences. The Negotiation Board 
1S made up of the same members as the Selection Board. If 
the contractor's proposal is equal to or less than the 


government estimate, the amount involved is $10,000 or less, 
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all elements of the proposal are in line with the estimate, 


and the negotiation board is fully satisfied that the con- 
tractor has a complete and full understanding of the work to 
be performed, award may be made without further negotiation. 

If any element of the price proposal varies signif- 
1cantly with the AoMiesormente estimate, even though the total 
amount may be in accord with the government estimate, or if 
the amount involved is over $10,000, the negotiation board 
must meet with the contractor for the purpose of negotiating 
the contract price. Normally such negotiations will first 
involve a discussion of the work to be performed in order to 
assure that there iS no misunderstanding between the govern- 
ment and the contractor as to the nature and extent of the 
work. 

Once the discussion of the scope of work is complete 
the parties conduct a review of the various price elements 
to determine the reason and basis for the difference betneem 
the proposal and the government estimate. 

In accordance with the NAVFAC P-68, ‘Contracting 
Manual' [Ref. 9: p. 5.3.13], negotiated procurements are not 
allowed to be awarded in amounts in excess of the government 
estimate. If, during the course of negotiations, seme 
determined that the government estimate iS in error, it may 
be changed as appropriate. Such change from the original 


estimate must be mentioned in the board report. In the jobs 
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researched for this study, the government estimates were in 
general very close to the A&E fee proposal. Any differences 
consisted of slight variations in the amount of A&E manhours 
required for a particular item of the work. 

After a fee has been agreed upon, a board report or 
memorandum of negotiation must be prepared. This report must 
include, aS a minimum, the justification for the recommended 
Price including any differences between the contractor's pro- 
posal and the government estimate and the method of resolu- 
tion thereof and justification for any negotiations concerning 
time. In the event that a fee cannot be agreed upon, negotia- 
tions with the selected firm are terminated and the second 
most desirable firm is invited to make a proposal. 

meeopen ended vArchitect & Engineer Contracts 

The term "open-end contract" refers to a special 
category of A&E contract wherein a firm is contracted with 
to perform one or more specific items of work, with the 
meroulation that the firm will then be provided additional 
projects to do during the course of the year, up to a maxi- 
mum total contract fee. These additional items of work are 
considered to be amendments or modifications to the original 
contract, and thus do not entail the requirement to go through 
the selection’ process again. The advantage of this type of 
contract lies in the ability to award small project work in 


a relatively short time frame. 
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To permit the greatest flexibility in obtaining 
engineering work whenever and however needed, many different 
Open-end contracts are in effect at both PWC SFB and PWC 
SDIEGO. This enables the PWC engineer in charge of a project 
to choose from among several A&E firms the one best quali- 
fied for the particular project. All of the contracted 
Special Project preparation work that was accomplished for 
the jobs selected for this research was done using open-end 
COnERacCeS. 

In accordance with NAVFAC P-68 OICCs are authorized 
to assemble A&E projects required to be performed within a 
Six month to one year period and synopsize these projects 
in a single synopsis in the Commerce Business Daily, with 
selection and award subject to: [Refi - 392i pee ees 


1. No contract shall exceed $200,000 in total A&E 
compensation. 


2. No single project shall exceed $997,000 tn) loc 
compensation. 


3. A specific project or projects must be in existence 
at the time of synopsizing, with other projects of a 
Similar nature which will require the same professional 
skills known to be required within the next twelve months. 


4. Selection must be based upon personal interviews 
of firms by the selection board. 


5. An A&E contract is to be awarded for an interes 
specific project or projects, with other projects come 
added by negotiated, fixed-price, lump-sum change orders 
Guring the life of Che geen grea. 


6. The selection board interviews and report shall 
specify the initial work, describe the nature of the 
additional work contemplated, the maximum total fee that 
may (not will) be paid for the contract and the fields of 
professional expertise for which the conmenaceana 
selected. 
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7. Care must be taken to spread the A&E work so that 
several contractors are selected for work at any particular 
Becryicy . 

8. Not authorized is contracting for personal services, 
engineering on an hourly basis, or the hiring of engineers 
MimCOvEhaAvenelon Of Otter DrOnibitions. All work under 
open-end contracts shall be negotiated on the basis of a 
specific written statement of work and performed for a 
fixed price. 

5. Cost Estimation of A&E Contracts 
NAVFAC P-68 states that it is the policy of the govern- 
ment that a government estimate must be prepared in as much 
detail as if the government were going to bid on doing the 
job. [Ref. 9: p. 5.3.6] To that end PWC engineers must pre- 
pare a cost estimate for every Step Two preparation contract 
modification. This is accomplished by performing an analysis 


of the types of work required in the project preparation, the 


amount of time that will be required, and the cost of the 


work. 
6. Components of the Estimate 
The estimate for an A&E contract consists of three 
separate parts Or components. Figure 4 shows the forms used 


by both the government and the A&E firm in developing 
estimates. The three components are (1) Design--Section A, 
(2) Engineering Services--Section B, and (3) Construction 
Semeract Support Services (CCSS)--Section C. 

(1) Design--Section A. The design effort is presented 
in Section A. This effort is what is normally required for 


the production and delivery of designs, plans, drawings, and 
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specifications for a construction project. Actwali ieee 
case of Special Project preparation, this section is renamed 
Engineering Services as it more properly describes the type 
Of work performed. The effort required is estimated by 
determining the direct labor man-hours required for each 
discipline (project engineering, architectural, structusaus 
mechanical, electrical, civil, landscape, specification/ 
report writer, cost estimator, and typist) separated by 
professional and sub-professional capabilities. These 
separate man-hour requirements are then extended by the 
appropriate labor rate and totaled to arrive at the "total 
direct labor" (line 12). For open-end contracts the @aben 
rates for each type of skill is set upon the initial award, 
and remain the same for the entire period of the contract. 
The indirect costs of the A&E firm are represented in the 
overhead rate. The overhead rate is applied to the total 
direct labor to compute the amount of overhead. An average 
overhead rate of approximately 105% was experienced in the 
projects looked at in thiS study, and 1s considered tee. 
approximately the industry wide average. The amount for 
profit is then added to the total of overhead and direct 
labor to determine the "total fee for design services" 
(lines eG 

(2) Engineering Services--Section B. ~Engimeerimae, 


services in this portion of the estimate are those items 


aye 


memuirea to develop the Step Two for the project, but are 

meee includea 1m Section A. As shown on the form utilized, 
these items can include subsurface investigation, topographic 
survey, field investigation, reproduction, other special costs, 
and travel. Fees for these items are negotiated as a lump 

Sum to include direct cost, overhead, and profit. 

The only engineering services used by contractors in 
the Step Two preparation jobs reviewed were for field 
investigation and reproduction. The other services are more 
likely to be required only during an actual project design 
phase rather than the Step Two phase. 

The fee for field investigations is designed to cover 
the effort necessary to determine existing conditions. Work 
items included are evaluations of the adequacy of existing 
Meebicy systems, structural condition of existing facilities, 
meeitication of existing as-built drawings, etc. Field 
investigation is negotiated in terms of man-days with an 
appropriate rate to include overhead and profit. 

Reproduction costs are for the reproduction of the 
finished product in quantities as specified by the scope of 
work. 

Pyeeeonstruction Contract Support Services--Section C. 
Pe@nsteruction Contract Support Services (CCSS) are negotiated 
as an option to the government available for a period of 
time following the final design submittal. The services 


available include (1) shop drawing review and office 


5s) 


consultation and (2) as-built drawing preparation. Due to 
their nature these services are only required in conjunction 
with actual design effort, and not for engineering services 
such as Step Two special project documentation. None of the 


projects reviewed contained any costs in this category. 


D. PROJECT COST COMPUZATIOn 

As Navy Industrial Fund commands, PWCs generally perform 
work for customer commands on a cost reimbursable basis, 
that is, the customer pays the PWC for any services 
performed. In the case of most engineering services (includ- 
ing Step Two preparation), however, PWCs do not charge most 
customers for the work performed. For this type of work, 

PWCS are provided with appropriated funds through the NAVFAC 
chain of command. These funds are known as 'mission manage- 
ment' funds, and are used to provide facilities engineering, 
planning, and inspection services and other engineering 
support to customers. NAVFAC INSTRUCTION 7040.4C [Ref. 10] 
provides guidance concerning charging of these services to 
Maseoreee of PwCs. In general, O&M,N funded Navy activities 
are not charged, while all other customers are. 

Thus, from the point of view of most of a PWC's customers, 
the preparation of Step Twos is a free service provided by 
the PWC. Despite the fact that most customer commands are 
not charged for the engineering services provided by Code 101, 


a rate is established each year for the work performed by 
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Code 101. This rate is used for charging the Code 101 time 
that is cost-reimbursable for customers and for charging 
against the available mission management funds, and provides 
the basis for cost figures used in this study. 

The rates established by a PWC to charge its customers 
are designed to reflect as closely as possible the actual 
operating cost to the government of providing the service. 
Rates are eStablished on an annual basis, and remain in 
effect for the full fiscal year, to provide stability in the 
Pmegeting process Of Customer commands. The goal of the PWC 
is to perform financially on a break-even basis, with 
‘revenues! from appropriated funds and customer charges equal- 
ling the expenses incurred by the PWC in the course of its 
operations. This is a difficult task in practice, as rates 
must be estimated eighteen months prior to and established 
seven to nine months prior to the start of the fiscal year 
in which they take effect. This is required so that cus- 
tomer commands and their major claimants may prepare budget 
submissions. 

The rates established by PWCs for charging their cus- 
tomers consist of four main elements. These are direct labor, 
labor acceleration, shop overhead, and general and adminis- 
trative overhead. Separate rates are established for each 
of the various PWC work centers. 

‘The first element of the rate, the direct labor, is 


Seeemminiea by taking an average direct labor cost for a 
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work center's productive personnel. The heovueiyedtree: 
salaries of all of the Code 101 productive personnel are 
added together and divided by the number of such personnel. 
The resulting figure forms the first part of the work (emmem 
rate, 

The second element of the rate, labor acceleration, is 
designed to account and charge for the value of seemmce 
benefits received by government employees. Such items as 
paid leave, Social Security taxes, and retirement are deter- 
mined, added together, and applied on a percentage basis to 
the direct labor cost. This figure for labor acceleration 
1s then added to the direct labor amount previously 
calculated. The percentage used in calculating labor accel- 
eration is determined locally by each NIF activity, and in FY 
84 was 30.8 percent at PWC SFB and 31.0 percent at PWC SDIECGO: 

The third element of the rate, shop overhead, is 
designed to cover the costs associated with the work:center 
overhead, As such, it covers the costs of support personnel 
salaries, office or shop material and supplies, maintenance 
and repairs to the facilities used, and depreciation on 
capital equipment. These costs are added together, divided 
by the estimated number of productive labor hours to be 
worked by the work center, and this hourly figure 1s adden 
to the two elements previously calculated. 

The final element of the rate, general and administra- 


tive overhead, is designed to cover the PWC expenses that 
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must be distributed over all of the work centers. Costs 
covered include the PWC Comptroller, Management Office, 
Civilian Personnel Office, and the Administrative Service 
Office. These costs are added together, divided by the esti- 
Mated number of productive hours to be worked by all of the 
PWC work centers, and this hourly figure is added to the 
imate . 

The stabilized rates that result from the above process 
Seeeume £Or most, but not all, of the expense to the govern- 
ment of operating the PWC. There are two items of expense 
miaeeare not funded through the NIF rates that are expenses 
to the government. These costs are those of military per- 
sonnel at the PWC and most of the cost of Civil Service 
retirement. 

Military personnel costs do not make up a large percent- 
age of the cost of operating a PWC. Generally, a PWC, 
Sepending wpon its size, will have between 10 and 15 CEC 
officers and one to five Navy enlisted personnel assigned. 
These numbers compare to at least 1000 civilian personnel. 
Thus the cost of the military personnel, when spread over the 
total number of annual productive hours, is very small, and 
for the purpose of this research will be estimated as a one 
percent addition to the Sea aa customer rates. More 
Beeettic figures were not readily available from PWC SFB 
and PWC SDIEGO and would not materially affect the results 


Seetone cost comparison. 


yy) 


While a portion of the Civil Service retirement Geseua 
recovered by the NIF activity through the stabilized customer 
rates, most of the cost is not funded through the NIP See 
cost is established at 13.4 percent of the direct labor cost 
by NAVCOMPT INSTRUCTION 7600.27. [Ref. ll: p. 8] THUS .oemeeiee 
age has been applied to the direct labor segment of the sta- 
bilized rate, and added to the rate for use in the cost 
comparison. 

Since all of the PWC jobs used in this research were 
accomplished during FY 84, the stabilized rates for that 
year were used in this study. Those rates, plus the adjust- 


ments for military personnel and retirement, are shown below: 


PWC SFB Code 101 PWC SDIEGO Code 101 


Direct labor Le 20 15) 5a 
Labor Acceleration oe, LS) 
Shop Overhead Orso 2 7.48 
G&A Overhead 2e 3 1.99 
Stabilized Rate Blue 29.380 
Military Personnel Oren 0238 
Retirement 1S 0 2 0m 
Total Cost Rate Bees 32207 


The cost of the A&E contracts used in the preparation 


of Step Twos was relatively simple to determine. The total 
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fee paid by ane government to the A&E firm was the figure 
Used as the total cost to the government. Thus to determine 
the total cost of a Step Two it was necessary to add the 
Pemeidc: COst £O the in-house contract support cost, as 
determined by multiplying the number of in-house hours times 
the hourly rate established above. For jobs done in-houSe, 
only the number of hours used multiplied times the hourly 


rate was required to determine the cost of the Step Two. 


Se, 


fi, . METEOROLOGY 


A. GENERAL 

The purpose of this thesis research is to investigate 
the costs associated with the preparation of Special Projeee 
Step Two submissions, es to compare the cost of in-house 
preparation versus A&E contract preparation. To accomplish 
this, data on Step Two preparation jobs was obtained through 
research conducted at the Navy Public Works Center, San 
Francisco Bay (PWC SFB) during August 1984, and at the Naw 
Public Works Center, San Diego (PWC SDIEGO) during October 
1984. Information was obtained on 80 Step Two preparation 
jobs performed by the two PWCs during FY 84. 

Jobs selected for research were limited to those jobs 
completed by the PWCs in FY 84. This was for two reasons. 
At PWC SFB historical data on in-house manhours expended 
was available only for FY 84 jobs. At PWC SDIEGO information 
was available for jobs completed prior to FY 84, but insu 
ficient time was available to gather the necessary data for 
years other than FY 84. 

The jobs selected for research represent approximately 
one fourth of the Step Two output of PWC SDIEGO and one third 
of the Step Two output of PWC SFB for FY 84. The jobs 
selected were those for which all the data required for each 


job was available. The original intent was to take a random 


60 


sample of the jobs completed during the year, to avoid any 
bias in the selection process. However, the total number of 
jobs for which complete data was available was rather small, 
Bemthe random sample plan was dropped. Due to the predom- 
inance of contracting out at both PWCs during FY 84 more 
data on contract jobs was available than on in-house jobs. 


The number of jobs used in the study are: 


A&E In-House 
EWE SEB 24 ie 
PWC SDIEGO Sel ie 
TOTAL 55 ZS 


Several reasons accounted for the inability to use all 
of the Step Two preparation jobs completed during the year. 
The most frequent problem was the inability to locate Step 
Two preparation job files at the Facility Engineering 
Division. The missing files were either misfiled, lost, or 
in use. Time did not allow for a thorough search to be made 
for missing files. In most of the other cases some needed 
piece of information was unavailable even if the file was 
available. 


\ 
See DATA COLLECTION 


ime Purpose of the data collection effort was to extract 


that information on completed Step Two preparation jobs that 


Oak 


would enable a valid cost comparison to be conducted. Gita 
tion on the costs incurred in the preparation of Gach Steomiae 
was collected. In addition, descriptive characteritstrecmeme 
each Step Two were collected. 

The data collection effort began with the Steo Two gee 
files at Code 101. Each file contained a copy Gf tnomem =m 
Two that had been completed. From the Step Two file the 
Following information was obtained: 

1. The estimated construction cost (ECC) of the Special 
Preovect tiseln. 

2. The number of different engineering disciplines 
involved with the project work. 

3. Whether or not prior project documentation, in the 
form of a Step One submission, Navy Occupational Safety and 
Health Control Report (OCR), or some portion Of ere 7eau 
design, was available to the preparer of the Step Two. 

4. For Step Two submissions accomplished by contract, 
the name of the A&E firm. 

The next step in the data collection process was to ob- 
tain the number of in-house manhours used on the job. This 
information is available on report 3P32B, "Customer Request 


Reference List-Engineering." A sample and description of the 
3P32B report are shown as Figure 5. [Ref. 12; pp. 6-142) 
This report is generated by the Production Management Office 


on a weekly basis. The information on the report is gen- 


erated by Code 101 employees themselves through their time 
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FIGURE 5 (CoOnmbeiaueo) 


Ve Report No. 3P32B, Customer Request Reference List - 
Engineering (Figure 6-40), Report No. 3P32C, Customer Request 
Reference List = Estimating (Figure 6-41), and Report No. 3P32D, 


Customer Request Reference List - Planning (Figure 6-42). The 
following data appears on reports mumbered 3P32B, 3P32C, 3P32D. 

a. REF NO ABC Reference Number. 

DB. JOB ORD Job Order Number. 

Cc. FAC Facility Number. 

ral DT OPN Date opened. 

eu DT CLS Date closed. If blank, then the 
ABC Reference Number is still 
open. 

i. AGE The number of days an ABC Reference 
Number has been open or the number 
of days between the open and close 
dates. 

Cr. W/C Estimated Work Center. 

gm TR Trade Code. 

Le Eoo Estimated hours. 

alte TRN DT Transaction date for labor (the 
muster date). 

Ke W/C Performing Work Center. 

nl LABOR 

(1) EMPLOYEE The employee numbers of workers 
who worked on the ABC Reference 
Number. 

C2); in Trade Code of worker who worked 
on the ABC Reference Number. 

(3), ~ACT SHR Actual hours which the employees 
worked on the ABC Reference Number. 

Mm. Cost The dollar cost of each labor 
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transaction for the ABC Reference 
Number. 


cards. Ona daily basis each employee records on his time 
card how much time he spent on the various jobs he worked on 
that day. The hourly figures thus generated show up on the 
3P32B report, as well as the cost of these hours, based on 
the stabilized rates of Code 101. The 3P32B report is 
designed to list all of the time spent on a job by each 
employee (designated by Social Security number). In this 
manner it was hoped to be able to identify the skills required 
6m Gach job as well as the manhours. However, in many cases 
engineers are required to handle work not in their specialty 
(a civil engineer might have to prepare a predominately 
electrical engineering Step Two) so it was impossible to 
determine the number of disciplines involved in a project 
Serely from the 3P32B report. 

Eiewaeeiraeyecatcmrcliability of the data collected from 
the 3P32B was questioned during the data collection effort. 
A few jobs were found that were closed out, or completed, 
with only two or three hours charged to them. Code 101 
personnel explained [Refs. 6 and 8] that sometimes errors 
are made or circumstances exist that compromise the accuracy 
of the report. For example, PWC SDIEGO experienced a short- 
age of mission management funds in the last two months of 
FY 84 so no hours could be charged to the types of jobs that 
use mission management funds. Work done on projects was 
charged to other cost codes. Thus it was necessary to discard 


some jobs from this study that did not appear to have had 
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manhours charged correctly to them. Despite this effort to 
use only jobs which appear to have had accurately charged 
hours, it is probable that some inaccuracy exists in the 
data 

The information on the negotiated fees arranged with 
A&E firms for the performance of work by contract was ob- 
tained from the contract files maintained by PWC Code 30A2 
at PWC SFB and by Code 101 at PWC SDIEGO. The data available 
was broken down as specified by the A&E itemization fee sheet 
that 1s required to be prepared both by the government and 
the A&E for purposes of negotiation. That is, the numberaas 
total manhours utilized was divided into professional, sub- 
professional, and typist. However, since the same informa- 
tion was not available for the in-house prepared Step Twos, 
the only information used in the cost comparison was the total 


number of manhours and the total cost. 


ee DATA ANALYSIS 

Once the data was collected the data analysis phase of 
the research began. TH this phase the cost information and 
descriptive factors of the Step Twos themselves were tab- 
ulated and standard statistical techniques were used for the 
purpose of determining significant relationships. The data 
from PWC SFB and PWC SDIEGO were analyzed separately. 

The basic goal of this research was to compare the costs 


to the government of contracting out versus performing 
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Miolscgmine work Of preparing Step Two Special Project 
submissions. In so doing, it was necessary to ensure that 
the comparison was valid and not subject to bias. For 
example, it is possible that only the more difficult jobs 
are contracted out, while the more simple Step Twos are 
prepared in-house. If this were the case then simply look- 
ing at the average costs would be an unfair comparison. To 
combat this problem, the descriptive factors of the jobs were 
collected. 

The first descriptive factor chosen was the estimated 
Bemetruction cost (ECC) of the Special Project itself. This 
characteristic was chosen to determine if larger jobs, as 
defined by their cost, would require more time to document 
Via a Step Two. The ECC value was taken from the Step Two 
cost estimate, and was adjusted to 1984 ei iars 1f the Step 
Two estimate was for a different fiscal year. 

The second descriptive factor chosen was the number of 
engineering disciplines involved in the project. As with 
the ECC, as disciplines are added it is possible that the 
project becomes that much more difficult to describe and 
estimate. Possible disciplines were architectural, struc- 
Peat, mechanical, electrical, and civil. 

The third factor chosen was the availability of prior 
project documentation, in the form of a Step One submission, 
OCR, or some portion of project design. This was only a 


binary variable; yes if prior documentation was found in 


67 


the project file and no if none was found. No difference was 
attributed to projects for which more than one type of docu- 
mentation was available. This factor was chosen to observe 
if the existence of prior documentation would assist the 

Step Two preparer in his work and thus reduce the Step Two 
preparation time required. 

The three factors were chosen for the potential impact 
they would have on the cost of a Step Two, as well as for 
simplicity in using them. A secondary goal of this research 
was to develop a predictive model for Step Two preparation 
time and cost, so ease of use of the factors was desirable. 
The ECC used in this study is not available prior to Step 
Two preparation, so for estimating use prior to Step Two 
preparation, at least a rough cost estimate would be required 
from some other source. 

The primary statistical tool used in the analysis of the 
data gathered from the two PWCs was regression analysis. 
Regression analysis is used in an attempt to predict or 
estimate the value of an unknown dependent variable on the 
basis of the known value of one or more independent variables. 
In the case of the Step Two project preparation data, the 
dependent variable used was the cost of the preparation work. 
The three independent variables were the ECC of the Special 
Project, the number of disciplines involved, and whether or 


not prior project documentation was available. 
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Regression analysis normally is unable to predict with- 
out error the value of the dependent variable in question. 
There are factors other than those chosen as independent 
variables that may cause variations in the dependent variable. 
Thus the goal of regression analysis is to provide the most 
accurate average relationship between the dependent variable 
and the independent variables. Any difference between the 
actual value of the dependent variable and the predicted 
value from the regression equation is regarded as an error 
and may be treated as a random deviation. 

In assessing the quality or validity of a regression 
equation it is necessary to use a measure of the goodness of 
fit between the actual and predicted data points. The 
standard error of the estimate (SEE) is the standard devia- 
tion of the dependent variable. The measure is based on 
the difference between the Sea value of the dependent 
Variable and the predicted value provided by the regression 
equation. In the best possible case the SEE would be zero, 
indicating a perfect relationship between the dependent and 
independent variables. 

Another measure of the goodness of fit or reliability 
er oe regression equation as a predictive tool is the 
Seerticient of determination, or a Possible ya ilnes eve ee 
mee trom 0 to 2, with a value of 1 indicating a perfect fit 
and a value of 0 indicating that there is no relation 


between the independent and dependent variables. The 
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coefficient of determination may be expressed in percentage 
terms. For example if Ac 1t means that 49 percent of 
the variation in the dependent variable can be explained by 
the change in the independent variables. This also means 
that 51 percent of the variation in the dependent variable 
can not be explained by the regression model. 

A third test of the regression equation is known as the 
t-test, which is used to determine if a coefficient from the 
equation is significantly different from zero. The test 
statistic is developed by comparing the coefficient to its 
own standard deviation. The higher the t-value the more 
unlikely it is that the coefficient is merely a random 
deviation from zero. In other words a high t-value indice@ages 
that the independent variable is important in explaining the 
value of the dependent variable. Generally, t-values of 
higher than two indicate significance. 

One critical assumption for the use of regression analysis 
is that there is a linear relationship between the dependent 
and independent variables. The output equation of a regres- 
sion analysis is in linear form, so if a curvilinear relaumeme 
ship exists the regression equation will suffer from high 
error terms. To help alleviate this problem it is often 
necessary to transform the raw data to more closely app rem 
mate a straight line relationship and thus obtain a better 
fitting regression equation. This allows the development of 


regression equations if the original variables are not 
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linearly related, but the transformed variables are linearly 
related. 

For this study data transformation was used to develop 
the most accurate regression equation possible given the 
data available. Since it was not possible to know in advance 
mimet transformation would Be the best, the dependent and 
independent variables were each transformed in five commonly 
used ways. For each variable the square root, square, inverse, 
logarithm, and natural logarithm were used in addition to the 
Original data point. Then’step-wise regression was used to 
determine which combination of dependent and independent 
Variable forms would best describe the relationship. 

Step-wise regression is a method of variable selection 
that employs a series of — tests to check on the signif- 
icance of eens variables added to the regression 
function. In addition the significance of variables already 
in the model is reexamined once new variables have been 
added, If they are not significant they are deleted from 
the regression function. Once all of the variables have been 
considered the most significant regression equation possible 
gor, the variables available is provided. 

In addition to regression analysis, use was made of 
averages, standard deviations, and confidence intervals in 
analyzing the data. A confidence interval is an estimate 
that covers a range of values distributed on both sides, 


plus and minus, of a mean or average. With a predetermined 
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level of confidence the interval can be constructed based on 
an average plus or minus the standard deviation. For the 
purposes of this analysis a confidence level of 95 percent 
was used. Accordingly, with the sample size, average, and 
Standard deviation, a confidence interval can be constructed 
such that 95 percent of the population values for a given 
computation will fall within the range of values covered by 
that interval. Confidence intervals are also used to test 
the hypothesis that the mean value of two samples are the 
same. 

The statistical work performed in this study was accom- 
plished using the MINITAB program available on the IBM 


computer at the Naval Postgraduate School. 


Die RESULiS 

The data for the two PWCs was analyzed separately rather 
than on a combined basis. This was done to provide a com- 
parison between the two organizations and to highlight any 
unusual data or results that might be obscured in a combina- 
tion analysis. 

Lew Pewee SEs 

Data was gathered on 24 Step Twos prepared by A&E 

firms and 13 Step Twos prepared by in-house personnel at 
PWC SFB during FY 84. This represents approximately one 
third of the total number of Step Twos prepared during the 


year. 
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The first step in the data analysis was to determine 
the characteristics of the Step Twos that were done by A&E 
firms as compared to the Step Twos that were done by in- 


house personnel for the A&E jobs. 


Number of jobs sampled 24 

Average Special Project ECC i oo) 
Seandard Deviation of ECC S221 ne ok 

95 Percent Confidence Interval SO ee CeeOrro 3 22,7 3/2 


for the Average ECC 


A normal distribution of ECCs was assumed in these 
calculations, and those that follow. The confidence inter- 
val obtained can be interpreted to mean that if 100 samples 
of this size were taken, the true mean would lie in the 
computed confidence interval of 95 of the samples. Confidence 
intervals are a function of the sample standard deviation and 


sample size, growing larger as standard deviation increases 


and sample size decreases. For the in-house jobs: 
Number of jobs sampled a3 
Average Special Project ECC SO ey Do 
\ 
Seanaard Deviation of ECC S130,099 
95 Percent Confidence Interval Sle oo) eOma 7 7. 86 L 


for the Average ECC 


Thus the ECCs of the Special Project preparation jobs 
done by contract are about 15 percent larger, on the average, 


than the ECCs of the jobs done in-house. The test of the 
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hypothesis that the averages are equal indicated that the 
confidence interval for the difference in the averages ranges 
from -$87,757 to $147,934. Since zero is Withing@agseeemee 
it is not possible to reject the hypothesis that the averages 
of the two groups are equal. Another indicator of this 
result is the fact that the two confidence intervals of the 
ECCs overlap each other. This means that the actual averages 
may be equal, so it is not possible to reject the hypothesis 
that they are equal. 

Also calculated were the average number of disciplines 


involved in each project preparation: 


A&E jobs In-house jobs 
Average Number of Disciplines 62S 1.7 oe 
Standard Deviation 0.770 0. Soe 
95 Percent Confidence Interval 130. to =e 1.41 to 72aee 


for Average Number of Disciplines 


As with the ECC calculation, there is a ditferencemem 
the indicated average but it is not possible to reject the 
hypothesis that they are equal. 

As a final computation related to the characteristics 
of the jobs, the percentage of jobs for which prior documenta- 


tion was available was calculated: 


A&E jobs In-house jobs 
Prior documentation jobs/total jobs 14/24 3 iS 


Percentage 58 62 
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tiecmediikerence 1s also not Significant. Overall, the 
sample data indicates that there is some small degree of 
difference between the types of jobs that are contracted and 
those that are done in-house, in the three characteristics 
chosen for study. The predictive model to be developed, based 
upon the regression analysis conducted, will enable these dif- 
ferences to be taken into account when comparing the costs of 
the two methods of work performance. 

The next set of calculations conducted were concerned 
with the average costs of the Step Two preparation jobs. 
This portion of the analysis does not consider the differences 
in the characteristics of the types of jobs done by each 
method. For A&E jobs, separate calculations were made of the 
A&E contract portion of the work and the in-house administra- 
tion portion of the work. These two subtotals were then 
totalled to arrive at the total cost. 


Fom the jobs done in- 


house only one figure, the cost of in-house work, was required: 


A&E jobs In-house jobs 
Average A&E Contract Cost 27 o0 
Standard Deviation $650 


95 Percent Confidence 
~nterval for Average 
Pee Contract Cost 
Average In-house Hours 


Average In-house Cost 


Seamadard Deviation 


wool. tows 5.06 1 


44.7 Bie 
$1486 91904 
Soe $827 


ies 


95 Percent Confidence $1100 to 1872 S]404 tow2zaae 
Interval for Average 
In-House Cost 


Average Total Cost for Job Saez i2 $1904 
Standard Deviation SlOS4 $827 
955 Percent Contireence $3827 to 4717 $1404 tomes 


imterveietor" Leotal s@ost 


This result presents the key figures for the cost 
comparison of the A&E contracting out of jobs versus per- 
forming the work in-house. There is a very significant dif- 
ference in the average total cost between the two methods, 
as indicated by the fact that the confidence intervals fail 
to overlap by a wide margin. Another significant result 
is that the average A&E contract cost alone exceeds the cost 
of doing the work in-house. Even with no in-house contract 
administration costs A&E contracting appears to be more 
expensive than doing the work in-house. 

The in-house cost .of administering A&E contracts .is 
obviously a large proportion of the total job cost when 
Special Project preparation work is contracted Out] umm. 
proportion was quantified and an attempt was made to deter- 
mine if a particular size of job would be most cost effective 
to contract out. The calculation made compared in-house 
cost to A&E cost for each job. The result for PWC SFB was 
that on the average in-house costs equalled 57.5 percent 
of the ASE cost. This figure differs slightly trongee 
53.3 percent indicated above, $1486 divided by $2/s5)meu- 


to the relative size differential between jobs. 


PS 


The percentages obtained by this calculation were then 
divided into two groups, one for those jobs whose ECC was 
greater than the sample median and one for those jobs whose 
ECC was less than the sample median. The average percentage 
@emain—-hnouse cost to A&E cost for the low ECC group was 56.3 
percent, while the percentage for the high ECC group was 
58.8 percent. This difference is relatively insignificant, 
indicating that while the total cost of in-house effort 
rises with job size, the percentage of in-house cost required 
to support A&E effort is unaffected by job size. 

The final area of analysis consisted of the regression 
analysis of the cost data. The primary function of this 
portion of the study was to ensure that any differences in 
the types of jobs done by each method of work accomplishment 
were taken into account in the cost comparison. The first 
part of the analysis involved determining the most appropriate 
regression equation to predict job cost behavior. For A&E 
jobs separate equations were used for A&E cost and in-house 
eget, then added together to predict a job's total cost. For 
Pe cuse jobs only in-house hours were predicted, then multi- 
plied by the PWC SFB hourly cost rate of $33.23 to determine 
job cost. The hourly rate is made up of wages, fringe bene- 
Fits, and overhead as was detailed at the end of Chapter II. 

The purpose of the regression portion of the eyo 
was to obtain the regression equation that best described 


the relationship of job cost to the independent variables. 
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As it turned out for all of the samples looked at, the best 
equation used only one of the independent variables or 
variable forms, and discarded the rest as they did not im- 
prove the accuracy of the regression equation. Because the 
purpose of this study was to develop the most accurate re- 
gression equation, equations using multiple independent 
variables were not used. Each of the three independent 
variables had the effect on job cost that would be intui- 
tively expected, That is, those jobs with larger ECCs, a 
greater number of disciplines involved, and no prior docu- 
mentation did cost more than jobs with the opposite 
characteristics. 

The data transformation was useful, as all but one of the 
most accurate regression equations obtained used transformed 
states of the variables rather than the original raw data. 
The vr? values obtained ranged from 28 to 55 percent, as 
compared to values o& ae ranging from only 2 to 43 perecene 
for the same equations using the untransformed data. Thus 
the predictive ability of the regressions was greatly en- 
hanced through the use of data transformation. 

It was found that different equations were the most 
accurate for different sets of data. Four sen cheysi. 
equations obtained used the Special Project ECC as the 
independent variable, one used the number of disciplines, 
and one used the existence of prior documentation. Even 


among the equations using ECC as the independent variable, 
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different transformations were used to provide the most 
accurate equation. Each different equation was used, rather 
than developing one equation for all of the data sets. This 
was done to provide the most accurate predictive equation 
possible given the data collected. 

For the PWC SFB A&E jobs the equation that best served to 
describe the A&E cost function was: 
(A&E cost) ° ="7,266,091 + 0.000009046 (ECC) * 
r? = 28.5 percent 
meat lOo OF (ECC) * coefficient = 2.96 
oop = 3,000" 080 

In this case the stepwise regression program chose 
these two variables from among the various transformations 
formed from the raw data. The ee value is relatively low, 
maaweating that only 28.5 percent of the variation in the 
A&E cost can be explained by a change in the Special Project 
ECC. Nevertheless, A&E cost for preparing Step Twos may be 
expected to rise as the Special Project ECC rises. This 1s 
iL10) p-ing with what may be intuitively expected; larger 
Special Projects take longer to document than smaller ones. 
in using the equation to predict cost it is of course 
necessary to transform the dependent variable back to its 
@mrginal form, by taking the square root of the equation 
value. 

For the PWC SFB A&E jobs the equation that best des- 


cribed the in-house manhours used was: 
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( 1 / in~house manhours used ) 0.017826 + 0.0201) (SE iasar 


Documenta ion 


( 1 / in-house manhours used ) the reciprocal of in-house 


manhours 
R? = 55.8 percent 
ee a eer = 7 


SER o=2 0.009235 


This result again uses only one independent variable in 
predicting the value of the dependent variable, however, it 
is a different variable than was used in the A&E cost 
equation. This indicates that for this set of sample data 
the existence of prior documentation reduces the amount of 
in-house time required to be spent on A&E jobs. Furthermore, 
this variable is the best predictor of manhours required 
among the three available. 

For PWC SFB in-house jobs the regression equation that 


best described the manhours uSed was: 


( 1 / in-house manhours used ) = 0.014456 + 815.7 ( 1 /saeae 
(1 / ECC ) =-thep reciprocaisot themes 
+4 = 34.9 percent 


=a ba Geen .-4 5 
SER = 02009244 

As with the A&E cost on A&E jobs equation this equation 
uses the Special Project ECC as the independent variable. 


However, in this case the inverse of the variables was used 
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rather than the square. This equation makes economic sense; 
as ECC grows larger the number of in-house manhours required 
for the Step Two preparation increases. 

Once the most appropriate equation was established for 
each category of cost, it was possible to use the equations 
to predict Step Two preparation costs if a Special Project's 
characteristics were known. The actual costs of the 24 A&E 
jobs was compared to the predicted costs of doing the same 
JObs in-house. Similarly, the actual costs of the 13 in- 
house jobs were compared to the predicted costs of doing the 
same jobs by A&E contract. By doing the comparison in this 
Manner it is possible to take into account the differences 
in the characteristics of the Special Projects themselves. 


The results of this calculation were as follows: 


mew cl Avg per job 
Meme! Cost of 13 In-house Jobs G2 oe 57 $1904 
Emecicted Total Cost of Same 13 
Jobs if Done by A&E Contract S27 500 $4041 
Actual Cost of 24 A&E Jobs Sen 2 2531 See 
Predicted Cost of Same 24 Jobs 
if Done In-house $38,234 $1593 


These results are generally in line with what would be 
expected from the prior calculations, with the exception of 
the predicted cost of the A&E jobs if done in-house. The 
average value of $1593 is about 16 percent less than the 
average cost of the actual in-house jobs, despite the fact 


that the average ECC of the actual A&E jobs is higher than 
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the average ECC of the actual in-house jobs] je oases 
positive relationship between ECC and in-house cost in the 
best regression equation, the predicted average cost should 
have been higher, not lower than the actual average cost. 
However, the predictive equation is such that low ECC values 
have a much greater effect on the predicted cost than do 
high ECC values. An ECC of only $1,000 leads to an in-house 
cost prediction of $40 while an infinite ECC value leads to 
a prediction of only $2299. The actual average ECC of jobs 
done by A&E contract was $228,847; using this value results 
in a predicted in-house cost of $1844 per job or $44,256 
for the 24 jobs. 
As a further test of the regression equation it was 
used to predict the cost of the 13 jobs whose costs were 
known. The result was a prediction of $21,380, or $1644 per 
job, versus actual costs of $24,757, or $1904 per jen lei 
difference of 14 percent is similar to that obtained, abe ves 
The same test was applied to the A&E predictive equation set 
and the predicted cost of $99,164 was quite close tq the 
actual cost of $102,531 experienced for the 24gjemee 
24. We SsoLEeGco 

Data was gathered on 31 Step Twos prepared by A&E 
firms and 12 Step Twos prepared by in-house persennei=a. 
PWC SDIEGO during FY 1984. This total represents approxi- 
mately one third of the total number of Step Twos prepared 
during the year. The same calculations that were made on 
the PWC SFB data were made on this data. 
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For the PWC SDIEGO A&E jobs: 


Number of jobs sampled SL 

Average Special Project ECC CAL SROaey 2S. 
Standard Deviation of ECC > 2 440505 

95 Percent Confidence Interval Si Olen? eo 2s Or 446 


For the in-house jobs: 


Number of jobs sampled eZ 

Average Special Project ECC 7687015 
Standard Deviation slid, 362 

95 Percent Confidence Interval wooo love or24., ol4 


The ECCs of Special Projects done by contract are about 
13 percent larger than the ECCs of jobs done in-house. This 
1s Similar to the 15 percent differential at PWC SFB, and 
Similarly, the hypothesis that the averages are equal can 
moe be rejected. 

Also calculated were the average number of disciplines 


involved in each project preparation 


A&E Jobs In-house Jobs 
i 
Average Number of Disciplines Pa alt IL sn8. 
Standard Deviation 02 380 0.67 


95 Percent Confidence Interval ees 2 “tore ok ivy Veo eos 


Mie percentage Of jobs Eor which prior documentation 


was available was calculated: 
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A&E Jobs In-house Jobs 


Prior documentatinm sees, Oba 
jobs Oyo 2 


Perecnueage Ie, uy 


As with the PWC SFB jobs there was no significant dif- 
ferences in the characteristics of jobs done by contract as 
compared to jobs done in-house. The percentage of prior 
documentation jobs was much lower at PWC SDI ZGor reflecting 
the small amount of Step Ones that are done there. As Step 
Ones are the primary form of prior documentation available, 
the lack of Step Ones at PWC SDIEGO resulted in the small 
percentage of jobs with prior documentation. 

The average job cost information on the PWC SDIEGO job 


is as follows: 


A&E Jobs In-house Jobs 
Average A&E contract cost S03 
Standard Deviation S147 
95 Percent Confidence $2286 to 3421 
Interval for Average 
Ren WCOMELaGh Cost 
Average in-house hours A220 5255 
Average in-house cost Se Ss $1684 
Standard Deviation _ Sys Such Ss 
95 Percent Confidence Sil34 7 tensa $1087 to 22a 


Interval for Average 


In-House Cost 
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Average total cost for job $4199 $1684 
Seandard Deviation S567 $938 
95 Percent Confidence lee 4 te. 4774 Saabs) 1bO 2200 


imcerval for Total Cost 


As with the results from PWC SFB there 1S a wide dif- 
ference in cost between the two methods of work accomplishment. 
The confidence intervals are not close to each other. Of 
interest here also is the similarity of all of the data to 
what was experienced at PWC SFB. 

The calculation of in-house cost to A&E cost for A&E 
jobs was made next. On the average in-house costs at PWC 
SDIEGO were 61.4 percent of the A&E cost. The average per- 
centage for the low ECC group was 52.9 percent while the 
percentage for the high ECC group was 70.0 percent. This 
finding was surprising, as a normal Bee ation would be to 
see the percentage of in-house support grow smaller as the 
job grew larger. The result here was the opposite, indicat- 
ing that proportionately more in-house effort is required 

' 
for larger jobs. This finding differs from PWC SFB, where 
there was no difference in the percentage based on job 
Size. 

The regression analysis came next. For the PWC SDIEGO 
A&E jobs the equation that best served to describe the cost 


function was: 
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ASE cost = 1198.6 + 1026.0 (Number of Disciplines invoel a 
re = 28.4 percent 
t-ratio = 3.39 


Stee 1532 


One of the variables not used in the PWC SPBVequagmawes 
the number of disciplines, was.used in this equation. A&E 
cost 1S positively related to the number of disciplines, 
although the re 1s only 28.4 percent. 

For the PWC SDIEGO A&E jobs the equation that best 


described the in-howse manheours Used vace 


09 2 


(in-house Ten eae he = 1725 46-5 (6c oe 10 


r¢ = 4 BG 


) (BGS 


t=Lratio-=-4¢95 


SEE = 1419 


The t-ratio is guite high in this case, despite the fact 
that the coefficient is a very small number. The standard 
deviation of the coefficient 1s only oF Won! 

For the PWC SDIEGO in-house jobs the regression equation 
that best described the manhours used was: 

( 1 / in-house manhours used ) = 0.018561 + 550.9 ( 1 7 =2Ge 
re = 43.1 
t= pat rou = 2.79 
SEE = O70 2enl 
This case was the only one in which the equation used 


the same variables, in the same form, at both PWCs. All 


three variables were used at one time Or “anoemc es ene 
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particular equation, but ECC was the variable used the most, 
in 4 of the 6 regression equations. In no case did the 
addition of a second variable lead to a better regression 
equation. 

The results of the calculations leading to the predicted 


costs are as follows: 


metal Avg Per Job 
Actual cost of 12 in-house jobs S20, 204 $1684 
me rctea total cost of same 12 SA9e.5,0 2 SOLS 
jobs if done by A&E contract 
Actual cost of 31 A&E jobs SaleoiOe Lo SIL Shs) 
Predicted cost of same 3l jobs 
1£f done in-house $40,828 SES Ay 


The same problem appears here as appeared in the predic- 
tive equation for in-house job manhours for PWC SFB. The 
equation underestimates the number of manhours, and there- 
For the cost, required because below average ECC jobs have 
meee Of DD ii oneemElangebove avyetageskeC gobs. This 
result is not surprising because the predictive equation was 
the same for both PWCs. For the A&E job average ECC of 
2190,729 the predicted in-house cost is $1495 per job, or 
fea 250 for the 31 jobs. 

The regression equations were further tested against the 
actual known costs. For the in-house jobs the equation 


meeemered a COoSt Of $16,351, or $1363 per job, versus actual 


costs of $20,204, or $1684 per job. For the A&E jobs the 
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predictive equations did much better, predicting a total 
cost of $132,766, or $4283 per job, versus actualgeos tomes 


S130; 179°, Or S41 oo eee oo 


Ee OBSERVATIONS 

The cost data from the two PWCs was compared in two 
Slightly different ways. The first means was uSing a simple 
average, the second means was regression analySis to account 
for any differences in the types of jobs done by each method. 
Fither way the significance of the results is quite clear. 
The cost of having a Step Two Special Project submission pre- 
pared by A&E contract 1S very much greater than having the 
submission prepared by in-house personnel. 

In comparing just the A&E contract portion of the total 
A&E contract job cost to the total in-house preparation cost 
the question arises as to the cause of the cost difference. 
A calculation of the average hourly fee paid to the A&E firms 
in this study by the two PWCs revealed that PWC SFB paid 
$48.52 per hour and PWC SDIEGO paid 43.52 per hour These 
Figures are the result of dividing the total A&E fee by the 
number of hours negotiated in Section A of the fee. Thus 
they are not directly comparable to an hour of PWC time 
since the A&E cost per hour includes cost, but no hours, f£0r 
field investigation. This item is covered in the PWC hourly 
rate. To even out the comparison of hourly rates approxi- 
mately a 10 percent reduction in the A&E hourly rate would 


be required. 
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This adjustment in the A&E hourly rates leaves A&E cost 
in the $40-44 per hour range, as compared to the $32 and $33 
rates for the PWCs. Thus A&E firms would have to be able to 
do Step Twos in roughly 75 percent of the time required by 
PwC personnel to be cost competitive. Based on the calcula- 
mons Of the previous section this is clearly not occurring. 
The average contract fee paid to an A&E firm for a Step Two 
for both of the PWCs was very close to $2800 meaning that 
about 70 hours of total A&E time are involved. This com- 
pares to a 57 hour average at PWC SFB and a 53 hour average 
at PWC SDIEGO. This indicates that the cost advantage of 
preparing Step Twos in-house is made up partly of lower 
costs per hour and partly of lower hours required for the 
work. 

Another finding of the data analysis work was that the 
equations developed to predict time and cost required for a 
Step Two were poor. The ig values of the equations ranged 
from’ 28 to 55 percent, too low to achieve highly reliable 
predictive ability. Another undesirable characteristic is 
that the equations use a transformed state of the data, 
making their field use more difficult. Finally, while 
Seeetoerealiy at may be the most valid predictor, it is 
difficult to envision a supervisor estimating time required 
on a job simply by whether or not a Step One or other prior 
documentation exists. Such a yes/no criteria leads to only 
two possible cost values and is unusable in a realistic 


Seeuation. 
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Obviously there are factors other than the three charac- 
teristics of Special Projects tested in this study that im- 
pact upon the time and cost reguired to prepare a Step Two. 
Discussion with Code 101 personnel at both PWCs [Refs. 6 
and 8] revealed three major factors that were not included 
here and that probably affect Step Two preparation time. 

The first factor is the behavior of the customer command 
as related to the preparation process. If the customer is 
cooperative and has a good idea in advance of what is desired 
in the project, time required should be reduced. On the 
Other hand, if the customer is difficult to work with and 
changes its mind on the project scope guite often the time 
required to finish the Step Two is likely to increase. A&E 
firms may request additional payment if the changes are sig- 
nificant in relation to what was negotiated for, although 
this is rare. Generally, the EIC in-house time is increased 
when changes occur, as the EIC works with the customer to 
avoid incurring additional AcE chaucecy 

Secondly, the availability of record drawings of the 
affected buildings or areas of the customers base can have 
an effect on job time. If drawings and other informationges 
a technical nature are readily available the engineers job 
is greatly simplified, while the lack of such information is 
a major hindrance and will add to the time required to 
finish the Step Two. The availability of such technical 
information is known to an A&E firm prior te tne eee 
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Finally, the experience and skill of both the EIC and 
the A&E firm working on Step Twos is a factor. Those with 
a great deal of experience should tend to take less time to 
prepare a Step Two, as a learning curve effect should be 
realized, Those lacking experience must become familiar 
with the requirements for a Step Two, as well as become 
familiar with the military installations in the area and the 
PWC .itself. Although this learning curve effect was not 
covered in this study, it would be possible to compare prepara- 
tion costs as a function of experience to quantify this 
eae LOX . 

One item disregarded in this data analysis section of 
the study is the question of the quality of the output. 
There exists at present no convenient way to measure the 
quality of a Step Two submission. Possible methods might 
include comparing the final project cost with the Step Two 
estimate, Caecalewlacing a Major Claimant rejection rate. 
According to personnel at both PWCs the rework required on 
Step Twos due to dissatisfied customers is almost 
nonexistent. Comparing the project estimate with the final 
project cost would be a useful measure of Step Two quality. 
However, any deSign or construction contract change orders 
would have to be taken into account for a valid comparison. 
Lacking such a measure of quality, in this study, the 
assumption was made that since all Step Twos must be 
reviewed by Code 101 and Code 100, they are of equal, accept- 


able quality when finished by PWC. 
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Chapter 4 will discuss the implications of the cesuiee 
presented in this chapter as related to those persons 
involved with Special Project Step Twos, and will consider 
what alternatives, if any, are available and desirable to 


pursue. 
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A. GENERAL 

The results of the data analysis process carried out in 
Chapter III have many implications for those in management 
positions related to the Special Project program. This 
chapter will discuss some of the ramifications of the find- 
ings and potential alternatives available. 

The first topic to be addressed is the role of the Step 
Two submission in the Special Project process. The Step Two 
performs a specific function in the process, and due to the 
high cost of Step Twos, it. is important that Step Twos 
properly serve the function for which they are intended. As 
major claimants are the end users of Special Project sub- 
misSions, it 1S important that major Beate are able to 
efficiently use them. Alternatives to the present two step 
eel Project submission process are discussed. 

The second topic to be discussed is the contracting out 
decision. PWC managers have the alternative of having work 
done by in-house PWC personnel or by A&E SoHE eae. Cost is 
only one of the factors that enter into the decision. Among 
other factors entering into the decision are the workload 
and abilities of in-house personnel. The cost efficient 
use of resources requires that managers develop a system by 
which the managers can be sure that work completion 


requirements are being met at the least possible total cost. 
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The third topic discussed is the AsE contrac cume 
process. Alternatives to the current methods used are 
discussed and the advantages and disadvantages of each are 
presented. The goal of the alternatives discussion is to 
develop contracting methods that will result in less expen- 
Sive A&E fees, and require less in-house contract administra- 
tive and support effort. 

The fourth section of the chapter discusses PWC custome 
considerations and how the customer's needs might better be 
met. Specifically, the possible effect of a pricing system 
for PWC engineering work on customers is addressed. The 


chapter concludes with a summary of the areas of discussion. 


Bie SPECIAL PROJECT PROCESS 

As was demonstrated in Chapter III, the preparation of a 
Special Project Step Two submission is an expensive process. 
Doing the work with in-house personnel serves as one way of 
keeping the cost down, but even when prepared in-house, a 
completed Step Two costs at least $1500. In addition to a 
Step Two, all Special Projects require the submission of a 
Step One, and after funding the actual project design work 
must be accomplished. Thus much planning work is required 
before any actual Special Project repair or construction ~ 
work can be accomplished. 

Despite the significant role that NAVFAC plays in the 


facilities planning and Special Project process, the 
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Meimateurespenectorlity for an activity’s actions rest in 
the activity's chain of command rather than with NAVFAC. 
Therefore, major claimants must have the opportunity to 
review what the shore activities under their cognizance are 
planning regarding the shore activity's facilities. 

The responsibility of major claimants for an activity”s 
facilities has led to the Special Project submission and 
approval process that was described in Chapter II. An 
interview was conducted with the Commander in Chief, U.S. 
Pacific Fleet (CINCPACFLT) Special Project coordinator 
[Ref. 13] for the purpose of determining the viewpoint of a 
large major claimant regarding the Special Project program. 

In the interview it was indicated that the two step 
process for Special Project submission is necessary to enable 
a major claimant to properly manage the program. The Step 
One submission lets the major claimant know that a facilities 

/ 
deficiency of Special Project magnitude exists and that 
funds will be required to correct the deficiency. However, 
the Step One is often not sufficiently detailed or accurately 
cost estimated to allow the major claimant to ascertain the 
desirability of funding the project. In addition the Step 
Ones are not sufficiently detailed to enable a proper com- 
parison between competing projects from several different 
shore activities. Finally, the Step One is not detailed 
adequately to serve as the basis for the award of a contract 


for actual project design. The project design contract is 


25 


generally awarded by the geographic EFD using funds provided 
by the major claimant. The Step Two is the major claimant's 
official statement to the EFD of the project scope. 

The Step Two does meet the requirement for sufficiency 
in the areas discussed above, and thus meets the needs of 
the major claimant for reviewing projects for funding. The 
CINCPACFLT Special Project coordinator indicated that jem ame 
to save money by combining the two steps into one would, in 
his opinion, be inefficient. Not all Special Project requests 
are funded, and to spend the money for a Step Two quality 
submission would be wasteful were a project not to be fumgeee 
Also, the decision to develop the Step Two quality submission 
would rest with the activity rather than with the major 
claimant, who is in a better position than the activity to 
know when projects will be funded. In addition, many pro- 
jects are funded several years after their initial submission, 
and an outdated submission has to be updated. On the other 
hand, it was indicated that CINCPACFLT does let activities 
know if a project will be placed very high on the activity's 
Summary List, or if the project is of an urgent nature, sen 
they may skip the Step One submission, as funding is vir- 
tually assured. 

Another possibility to streamline the oveseee is te va@ 
away with the requirement for the Step Two submission and 
to authorize a partial project design instead. The "35 


percent design" is commonly recognized in the A&E profession 
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as a partial completion point at which to halt the design 
and let the customer review the work for necessary changes. 
This partial design could be used in place of a Step Two. 
It could of course then contribute to the remainder of the 
design. The Special Project coordinator indicated that in 
his opinion, this would be impractical for two reasons. 
First of all, the Step One iS an inadequate document upon 
which to award a design contract, and secondly, the 35 per- 
cent design would be too cumbersome for the major claimant 
to review. Thus the Step Two is looked upon as detailed 
enough for the major claimant's purposes but not so detailed 
as to preclude efficient review. 

The two step Special Project process as it exists effec- 
tively serves the purpose.of the end users of the process, 
the shore activity major claimants. The Step Two submission 
imemaenecessary and useful part of the process that begins 
with the identification of a shore facility deficiency and 


ends with a completed project. 


C. PT HOUSE VERSUS A&E WORK ACCOMPLISHMENT 

The results of the research conducted in this study 
indicate quite conclusively that Step Two Special Project 
Submission can be prepared by PWC in-house personnel at a 
great cost saving to the government as compared to having 
the same work done by an A&E firm. The cost differential 


1S quite large, and can have a significant impact on the 
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ability of Code 101 to perform its work on a limited veamoume 
of mission management funding. The estimated cost difference 
between in-house and A&E contracting work performance is 
over $2000 per job. For the 143 Step Two requests done by 
PWC SDIEGO in FY 84 the annual savings from doing all of 
the Step Twos in-house, rather than by contract, wou lame 
over $286,000. For PWC SFB the annual savings would be 
over $200,000 based upon an estimated output of 100 Step 
Twos a year. These amounts are Significant when compared 
to the entire Code 101 mission management budget for FY 84 
Of $1.1 million at PWC SFB and $1.6 million at PWC SDIEG@s 
Despite the cost differential, a great deal of the 
facilities engineering work at both PWC SFB and PWC SDIEGO 
1s done by A&E contract. At PWC SFB less than one third 
of all Code 101 work requests in FY 84 work were done by 
in-house personnel, while at PWC SDIEGO only 22 percent of 
the Code 101 work requests in FY 84 were done by in-house 
personnel. The seemingly simple and obvious solution to the 
problem of expensive A&E prepared Step Twos is to have them 
all done with in-house personnel. While attractive froma 
cost standpoint there are practical problems with this 
solution. The most significant of these problems 15 ~heuii as 
of enough in-house engineers to keep up with the Code 101 
workload. Under current conditions, using A&E firms quite 
extensively, the turnaround time for Code 101 work requests 


is between six and twelve months on the average. This is 
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often unsatisfactory for the customer command facing the 
need to get the Step Two to its major claimant as quickly as 
possible to enable a project to get started. 

The hiring of more in-house personnel would therefore 
appear to be a possible solution to the problem of increasing 
work output at the least cost. eats would be reduced, as 
compared to doing the work by contract, and the additional 
manpower would enable more in-house manhours to be devoted 
to work accomplishment. This in turn would increase work 
output and reduce work request turnaround time. PWCs have 
Memervilian personnel ceiling point constraints, so they 
can hire as many people as necessary to keep up with the 
workload. The problem with this solution is that the PWCs 
are unable to attract enough qualified engineers to work for 
aor at current Civil Service pay scales. The average 
engineer at PWC SDIEGO was paid $15.44 per hour in FY 84. 

Due to differences in Seniority levels the average engineer 
femeeWwe of B was pald $14.20 per hour. In the A&E jobs studied, 
the average engineer's salary, obtained from the negotiation 
records, was $18 per hour. Both PWC SFB and PWC SDIEGO are 
continuously advertising open positions for Code 101 engineers, 
but the rate of new hires is barely able to keep up with the 
attrition rate. The raising of the in-house salaries to a 
competitive level would increase the cost of in-house work 
performance, but the cost of in-house work would probably 
Still be much below the cost of having the work done by 
Semeract. 
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Another problem for Code 101 in hiring new engineers is 
that many engineers are not interested in performing the 
Facilities planning type of work that is done in Code 101. 
They would rather be working as actual project decma. 
engineers than simply doing the planning work. Since Code 
101 engineering is restricted to facilities planning and 
engineering studies, there is no project design work for 
the in-house engineers to be involved with. 

Unfortunately, the two causes of the hiring and reten- 
tion problem; uncompetitive pay and the lack of project 
design work, are beyond the direct control of Code @itimaes 
solve. Civil Service job grade levels are set by a central- 
1zed civilian personnel office. The working level engineers 
in Code 101 are classified as GS-lls and the only way to 
Significantly raise the average engineers pay would be to 
raise the grade level. Civil Service General Schedule (GS) 
employees salaries are set on a nationwide basis, with no 
adjustment for high cost of living areas such as San Francisco 
and.San Diego. Both PWC SFB and PWC SDIEGO have requested 
their local personnel offices to raise the grade levels of 
their engineers to make them competitive in the local market, 
but the requests have been denied by the personnel offices 
because job apesae levels are set by nationwide job content 
standards and not by local conditions. 

The problem of job content for the Code 101 engineers 


could be addressed by the PWCs as an organization. Project 
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design work is done at PWCs in Code 420, the Production 
Pmaineering Division. A job rotation plan could be imple- 
mented in which engineers might rotate back and forth between 
Code 101 and Code 420 every few months. This sort of plan 
would enable the Code 101 engineers to get the project design 
experience that they desire without the engineers having to 
permanently leave Code 101. Both new employee hiring and 
retention could be poSitively affected by such a job rotation 
foban 

Despite the fact that an A&E contractor does all of the 
productive work when Step Twos are contracted out, the number 
of manhours saved by A&E contracting is not as great as might 
be expected. As was demonstrated in Chapter III, between 
40 and 45 in-house manhours can be expected to be spent in 
Bre AcE contracting process, while on the average only about 
ye) Penicurs is required to do the whole job by in-house 
personnel. Although an EIC can have several A&E jobs in 
progress at one time, each A&E job still takes up 75 percent 
as many manhours as the EIC would in doing the work himself. 
Therefore a reasonable expectation is that total A&E contract- 
ing as compared to total in-house work performance leads to 
approximately a one third increase in the output of Step 
Twos by Code 101. An alternative way of looking at the 
Situation, and perhaps a more relevant way from the point 
of view of customer commands, is that the use of A&E 


contracting would tend to shorten the time required for a 
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PWC to complete a work request and return the Step Two to 
the customer. 

The time requirements of customer commands for the 
completion of Step Twos varies depending upon the particular 
circumstances of a project. While there is no time dead- 
line for major claimants to release Special Project execution 
plans, the CINCPACFLT Special Project coordinator indi@ape 
that CINCPACFLT wanted to get the plan out as far in advance 
of the execution year as possible to avoid confusion and 
problems in the execution year. For the FY 86 Special Project 
program CINCPACFLT published the execution plan in July 1984, 
15 months prior to the start of the execution year. The 
promulgation of the execution plan at this time means that 
there are 27 months until the end of the execution year, 
which is the deadline for award of the actual project con- 
struction contract. Within those 27 months the Step Two 
must be completed and submitted, the detailed project design 
must be completed, and the construction contract must be 
advertised and awarded. Naturally, activities would rather 
have the construction contract awarded at the beginning of 
the execution year rather than at the end, so it is the 
activity's interest to submit a Step Two to the major Clagae 
ant as soon as possible. In the event of an urgent project 
that the major claimant is willing to fund immediately, an 
activity has an even greater need to submit the Step Two 


rapidly. On the other hand, activities may request a Step 


HO 


ime petore the execucion plan is published. This is done if 
the activity believes that a project will be on the execution 
Praveand the activity wants to stay ahead of the game by 
requesting PWC to prepare the Step Two early. 

beecaisewen themverrety Oo: situations that can occur in 
the Special Project process it iS impossible to state a 
normal, or average time in which PWC customer activities 
require the completion of their Step Twos. However, for 
each specific Step Two activities do know when the Step Two 
is required to meet a funding deadline. Activities are 
able, on their work requests, to let the PWC know when they 
must have a Step Two completed to meet a funding deadline. 
In general, however, activities desire the completion of 
their Step Twos as quickly as possible. The penalty for 
slow work on Step Twos can be the delay or cancellation of 
Beectal Project funding. Both PWC SFB and PWC SDIEGO have 
received complaints from customer commands regarding the 
length of time it takes for engineering work to be completed. 
While it is impossible to state a definitive average require- 
ment for work turnaround time, Code 101 managers must be 
aware of the needs of the customer commands regarding the 
completion of specific work requests, and so structure the 
mix of in-house and A&E work as to meet these needs. 

The two PWC Code 101s visited in this study did not 
make use of any overall definitive criteria for deciding 


when to contract out work performance. PWC SFB did stop 
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contracting out Step Twos a few months ago, based on the 
Facility Planning Officers non-gquantified observation. tes 
Step Two contracting is not cost effective. [Ref. 7] Insueaae= 
ficient time has passed since the institution of this policy 
to determine the effects on work backlog and overall Code 

LO1l costs. PWC SDIEGO has also instituted a similar pope 
each EIC must be doing at least one of his assigned jobs by 
himself rather than by contract. This policy is designed to 
keep the EIC skilled in actual work performance, as well as, 
secondarily, to save some money over contracting out all work 
requests. [Ref. 14] The lack of an overall criterion £Orweae 
A&E contracting decision applied to Step Twos as vomia 

the other types of work done by Code 101. The other types of 
work done by Code 101 (engineering investigations, MILCON 
project documentation, facility planning, sane service contract 
plans and specifications) are also able to be done by A&E 
contract as well a by in-house personnel. The establishment 
of a system for work backlog management would be useful in 
minimizing the amount of work that must be contracted Commies 
customer schedule requirements. 

In developing such a system data similar to that collected 
for this study would need to be collected for all of the 
types of work done by Code 101. This data could then be 
analyzed to determine the type of job or work request that 
requires the least amount of in-house time per hour of A&E 


time worked. It was seen in Chapter III that for Step 
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Twos about 40 to 45 manhours are used in the A&E contract 
process to avoid having to use 55 manhours to do the work 
in-house. In the case of Step Twos the payoff from contract- 
ing 1S not great; on the average only 15 manhours per work 
request. One of the other types of Code 101 work, such as 
engineering investigations or MILCON project preparation, may 
be more efficient to contract out from the point of view of 
in-house manhours saved per manhour contracted. Once — 
data has been analyzed, only those types of work that are 
the most cost efficient to contract out should be done by 
contract. The types of work that are the least efficient 
to contract out should be done in-house if at all possible. 
Another necessary aspect of a work management system 
would be the comparison of existing backlogs for different 
types of work with the customer command's requirements for 
a given work request's completion. If, by using in-house 
personnel, the work can be completed ina satisfactory time 
frame, the work should be done in-house for economy reasons. 
imimemon the Other hand, customers are dissatisfied with the 
time required for work completion then more of the work might 
have to be contracted to get the job turnaround time down 
memacceptable levels. This is a difficult problem to solve, 
given the variability in the required time for each work 
request, but close contact with the customer commands would 


serve to help the system work. 
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One requirement of such a work management system or the 
development of criteria for the A&E contracting decrsmoneess 
the availability of accurate manhour data. It appears that 
Code 101 manhour reporting on the 3P32B report is prone to 
error. Code 101 branch heads should carefully jenecweae 
future accuracy of manhour data before management decisions 


in any great detail are made. 


D. A&E CONTRACTING BY “CODE sion 

Despite any successes achieved in the aforementioned 
work management strategy, under current personnel conditions 
Code 101 will continue to have to contract out a great deal 
of work. Even though a one third increase in output may 
seem to be a small gain from the expensive process of con- 
tracting out, it is still very helpful in meeting the require= 
ments of customer commands. If PWCs are able to eventually 
increase the Code 101 in-house staffing to be able to do the 
majority of work in-house the need to hire A&E firms foe 
certain jobs will still exist. Some jobs will require expert- 
ise that is not available among the in-house staff. Also, 
fully staffing Code 101 to meet peak customer demand might 
lead to seasonal periods with insufficient work for the in- 
house personnel. Seasonality of work request demand was not 
covered in this study, but Code 101 personnel at both PWCs 
indicated that they felt a certain degree of seasonal demand 
Variance was experienced. In times of peak demand A&E con- 
racting could be used in the management system to keep the 


work backload manageable until demand slowed again. 
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Since it is probable that A&E contracting will, at least 
to some extent, always be required in the work of Code 101, 
Moms Important to ensure that the contracting is done in 
the most cost effective manner. There are alternatives to 
the current method of contracting, uSing different types of 
contracts and procedures. Even tea existing contract 
procedures it may still be possible to reduce the cost of 
Semcracting Significantly. 

The results of Chapter III indicated that the average 
cost of the A&E contract for Step Two preparation 1S greater 
than the average cost of preparing a Step Two with in-house 
personnel. When the cost of in-house effort is added to the 
contract cost the difference between in-house and A&E work 
performance is even greater. The higher cost of the A&E 
contracts can be attributed to both a greater number of 
Pemniourss and tO much higher hourly rates than for in-house 
work. As described in Chapter II, the A&E procurement 
process involves negotiated rates and fees rather than 
competitive bidding with contract award to the lowest bidder. 
One alternative available to the government might be to use 
competitive bidding in the A&E contract process as a way of 
trying to reduce A&E costs. 

The lack of fee consideration in the selection of A&E 
firms has been highly controversial and the subject of much 
debate over the years. The General Accounting Office (GAO) 


issued a report to Congress in 1967 stating that it felt the 
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Department of Defense (DOD), by not including price as a 
factor in the A&E selection process, was not in compliance 
with existing law. GAO recommended that compliance with 
competitive negotiation requirements could be accomplished 
by a two part procurement process. The first part would be 
the solicitationgesm umpriced technical proposals, while the 
second part would require those submitting acceptable pro- 
posals to submit a price on their technical proposals. Award 
would be made to the firm submitting the most advantageous 
proposal, after considering not only price, but alsomess= 
technical merits of the proposals. 

DOD replied to the GAO report by saying that the technical 
and professional measures in use were the only types of com- 
petition appropriate for the type of service purchased from 
A&E firms. DOD also said that there was nothing in the 
legislative history indicating an intent on the part on 
Congress to require price comparisons for A&E services. 

Since this initial exchange, the argument over price competi- 
tion has continued to the present, but as it stands now, 
price is not a factor in the A&E selection process. 

The major arguments in favor of instituting price 
competition in the selection of A&E firms are as follows: 


1. The A&E industry can operate a price fixing system 
LOL ECOMEraCes. 


2. Favoritism and corruption can be exercised with the 
current selection process. 
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Peetheseomis ne ewincentave for offering lower prices on 
the part of the A&E industry. 


4. Price comparisons of different proposals is precluded, 
resulting in higher cost to the government. 


The major arguments in favor of the existing procedure 
are: 


1. The gualifications of the selected A&E are perceived 
to be more important than the price. 


(pele consilderarien Of fee would otherwise dominate 
the negotiation discussions. 


3. A&Es will be forced to cut corners on the design 
erfort to remain competitive, and as a result the quality 
of design, innovation, and creativity will be reduced. Such 
actions will lead to greater overall facility construction 
and operating costs. 

4. The detailed development of fee proposals by all 
interested A&E firms will increase overall design costs 
and delay project completions. 

The Navy and NAVFAC fully support the present A&E selec- 
tion and contract award method and are opposed to the intro- 
duction of price competition into the process. As might be 
expected, the A&E profession has supported the current system 
emer. Prior to 1972 the industry, in its Code of Ethics, 
forbade its members from submitting prices with their 
submittals. An anti-trust complaint by the Justice Department 
resulted in the removal of the offending clause from the Code 
Mise ne industry's poSition is clear. 

The preparation of Special Project Step Twos is a 
service purchased by the government from the A&E industry 


and as a result, price competition does not take place in the 


A&E selection process. However, Step Twos are a much less 
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complex and less technical product than actual project design 
work. While the arguments against price competition are valid 
for project design contracts they appear less valid in the 
case of Step Two preparation. 

Step Two submissions consist of a brief project descrip- 
tion and cost estimate. The preparer must in many cases 
devise a solution to a problem or determine the most approp- 
riate SO ecHonmee meet a facility's needs. The development 
of a solution or the comparison of many alternative Soluoameme 
is not always required, as a Step One or other preliminary 
work on the project may be available to the preparer. Many 
Step Twos cover projects of a relatively routine nature, 
such as street repairs, the painting of buildings, or roof 
repairs or replacement. These projects do not require a 
great deal of creativity or See Tae in developing a 
solution. t6. he pros emia Oties seegectaeeten as those 
involving environmental health or energy conservation, are 
of a more complex nature and do require originality, crea- 
tivity, and the ability to compare many alternative methods of 
solving the problem. 

For those projects that require high levels of analysis 
by the Step Two preparer the existing contractor selection 
method may be appropriate. It 1S important that all powers 
tial solutions to a Srooen be explored and that the most 
cost effective is chosen. An A&E facing a low bid fixed 


price fee may be tempted to cut corners on a Step Two and 
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choose an inappropriate solution as a result. While the pro- 
ject design process might correct the problem and develop a 
better solution this is not assured, nor expected. In addi- 
tion, any changes required in the project in the design phase 
may delay the work, and any cost changes disrupt major 
Claimant funding plans. 

On the other hand, the competitive pricing of A&E work 
on those Step Twos of a routine nature would be likely to 
provide a product meeting the needs of the government at a 
reduced cost. Step Twos could be packaged together as a 
group and a single contract could be awarded, thus reducing 
contract administrative costs for each Step Two. The two 
step contracting method might be appropriate for this 
feeeeemene- All qualitied firms, as selected by the Pre- 
Selection Board, could be invited to provide cost data for 
the work in question and ae best combination of technical 
competency and price would be selected. As an alternative, 
paeeeor the firms which have open-end contracts and are 
qualified to do the particular Step Two ail Be invited to 
Submit prices for the work. Once the selection decision is 
made, an amendment to the open end contract would be made. 
ieeees Gifficult to predict the outcome of such a procedure 
On cost as well as Step Two quality, but a small scale test 
of the method could be made with little difficulty. 

Another possible alternative for reducing the cost of 


A&E work on Step Twos is for PWCs to contract out only the 
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cost estimate portion of the work. Under current procedures 
the A&E firm does both the project description write up and 
the cost estimate. The suggested alternative would leave 
the write up of the project to the in-house engineer and 
would reduce the amount of the A&E fee required. Utilizing 
this alternative would not even require the use of A&E firms 
exclusively, as only a cost estimate would be contracted for 
Opening the work up to an expanded group of suppliers should 
also help to reduce prices. This alternative might also 
work well for those jobs that are of a routine nature not 
requiring detailed analysis of alternative solutions. The 
PWC in-house engineers are more familiar than A&E firm 
engineers with the Navy's facilities and requirements and 
the sort of project description that is necessary for a Step 
Two. Using the in-house engineers for project write up, 
while contracting mere the cost estiamte, would make the best 
use of the in-house talent, while still contracting out a 
Significant portion of the work. As with the first alter- 
native a test of this process could be carried out with 
little difficulty, enabling management to compare the cost 
with the current method of contracting out the entire Step 
Two. 

A third potential cost reducing ater nee for A&E 
contracting is to have only one or two A&E firms Go =a Niger 


the Step Twos that must be contracted. Using this alter- 


native would take advantage of any learning curve or 
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experience ei teccrs that may be available in Step Two 
preparation. Research for this study did not include 
gathering data that could be used to determine if such a 
learning curve exists, but engineers at both PWC SFB and PWC 
SDIEGO [Refs. 6 and 8] indicated that in general it was their 
professional opinion that A&E firms doing Step Twos for the 
first time required more in-house support than firms that 
had done many Step Twos already. By hawioe Nae firms 
specialize in this manner it should be possible to reduce 
the in-house time spent working with A&Es inexperienced in 
preparing Step Twos. It may also be possible to negotiate 
more pas aI fees from a firm that knows it can expect a 
certain amount of essentially similar work fromthe Navy over 
the course of a year. The NAVFAC policy of spreading the 
Perescquitably among all qualified A&E firms could still be 
adhered to; only the types of jobs that each firm received 
would be altered. Another alternative related to this one 
might be to award A&E contracts based upon the customer 
activity. In this manner an A&E firm sould become familiar 
with one activity and its facilities, and possibly become 
Meme efficient in that activity's project preparation. 

This learning curve effect also applies to the work that 
1s done in-house by PWC personnel. Specialization to some 
degree should reduce the amount of time required for Step 
Two preparation as individuals become more experienced. 


There are, however, limits to this practice, as certain 
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persons or firms other than those normally used may be more 
appropriate for specific jobs. Code 101 could even: 
hiring cost estimators rather than only engineers, thus 
allowing the engineers to develop the solutions and the cost 
estimators to cost them out. The specialization =atepne 
tive would be relatively simple to implement, and the 
resulting cost data analyzed to determine the effectiveness 
of the process. | 

It was shown in Chapter III that at PWC SFB the in-house 
contract administration and support cost as a percentage of 
A&E cost was relatively constant, regardless of the size of 
the A&E contract. At PWC SDIEGO the in-house cost as a 
percentage of the A&E cost actually was higher for larger 
jobs than for smaller jobs. These findings indicate that 
the in-house work cost required to support A&E contracting 
1s not a fixed cost, but the dollar amount varies withwe 
Size of the job. This finding is somewhat surprise 
Sidering that the mechanics of contract award are essentially 
the same in any case. Larger jobs should require somewhat 
more time for the review process and the government esti- 
mate preparation, but overall the percentage of in-house 
cost should fall as job size and A&E cost increases. The 
fact that this is not occurring at PWC SFB, anaee se. 
posite is happening at PWC SDIEGO, indicates that perhaps 
excesSive government time is spent on larger jobs in 


supporting the effort of A&E firms. Care must be taken 
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ensure that excessive time is not spent supporting an A&E 
firm that has been contracted for and paid to do the work 
fey itself. 

In summary, under the current A&E selection and contract- 
ing procedures the contracting out of Step Two submissions 
is very inefficient compared with work accomplishment by 
in-house personnel. The amount of effort contracted for, 
averaging only $2800 per Step Two in FY 84, is simply too 
small to make contracting cost effective when the level of 
in-house effort required is so large. The alternatives 
described above might serve to help the situation to some 
extent by reducing the cost of either the A&E contract or 


the in-house effort. 


feo lSOTOMER CONSIDERATIONS 

Both PWC SFB and PWC SDIEGO are aware that some of their 
customer commands are preparing some or all of their own 
Step Two submissions uSing their own personnel. [Refs. 7 
and 14) This capability varies with the type of staff 
personnel assigned at each customer activity. Normally 
activities serviced by a PWC will not be manned to perform 
their own facilities planning work, so any work done on 
step Twos comes at the expense of an activity's other work 
responsibilities. The main reason given to the PWCs by 
activities that do their own Step Twos is that the activi- 


ties can have the Step Twos sooner if they do them 
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themselves, A secondary reason is that the activity has 
more control over the content of the Step Twomenhanwaeee 
Step Two is done by the PWC. 

The fact that customer commands commit their own re- 
sources to the preparation of Step Twos 1s Signitrecames 
conSidering that the customer has the option of getting free 
Step Twos from PwC. If Step Twos were to be charged for 
by PWCs it is likely that even more Step Twos would be 
prepared by the customer commands without using the PWC. 
This occurrence would be likely to improve the overall 
efficiency of Step Two preparations, as activities would 
decide to do their own Step Twos whenever they could do so 
for less than the PWC price. The reduction of demand for 
Step Twos from the PWCs would then enable the PWCs to reduce 
turnaround time for customer requests, and reduce reliance 
on the expensive alternative of A&E contracting. Thus a 
certain equilibrium situation could be reached with Step 
Twos in the aggregate being prepared in the most cost effec- 
Sie ERG. 

While the institution of a price system for Step Two 
preparation and other engineering services would lead to 
the most economically correct solution, of solutions avail- 
able within the existing system, to the cost problem, there 
are other factors to be considered. Many activities, facing 
personnel ceilings, are unable to, or would be unable to 


do such work themselves. Facing tight budgets, they may 
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choose to do their own work rather than to pay PWC, but do 

the work poorly, leading to problems with projects. Or 

they might defer or cancel necessary facility planning work 

to conserve funds, which would lead to even greater facil- 
ities problems in the future. These sorts of problems are not 
inevitable. PWC customer activities are responsible for, 

and pay for, other aspects of facilities maintenance and 

eeuld do ee same for facility planning work. Were a charg- 
ing system to be implemented it would be necessary to monitor 
closely the effect it would have on both cost and the quality 


Seeetacility planning. 


fee OUMMARY 

The present method of contracting out Step Two submissions 
is not cost effective as compared to doing the work with 
in-house personnel. Presently, the most cost effective 
solution to the problem of high priced A&E prepared Step 
Twos would be to do all Step Twos with in-house personnel 
ery. This solution is difficult to implement, as the in- 
house work force is not large enough to do all the work in- 
house without increasing the backlog of work and the length 
of time customers must wait for work completion. The hiring 
Of additional in-house personnel is desirable, but difficult 
due to uncompetitive pay scales. 

As the cost differential between in-house and A&E work 


accomplishment has a significant effect on the Code 101 


dled) 


budget, Code 101 should develop a work management plan to 
Minimize the need for using A&E contractors. Such a system 
would ensure that contracting out is done only when ab- 
solutely necessary, and that only the types ei) jobs sea 
are the most cost effective to contract out are contracted 
Oli: 

Faced with the need to contract out a great deal of 
work, despite the high cost of contracting, PWCs should 
consider how to more efficiently use contracting. Such 
alternatives as fixed price contracting, contractengeeu. 
Only the cost estimate portion of the work, and =havang 
certain A&Es specialize in certain types of work or certain 
customer activities might not make A&E contracting competi- 
tive with in-house work accomplishment but should reduce 
the contracting costs. Tests of these alternatives should 
be conducted and the results analyzed to determine if they 
are cost effective. 

Chapter V will give a brief summary of the background 


discussion, objectives of the research, and the results. 
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foe REOULTS 

The primary purpose of this thesis was to investigate 
m@emeosts assOciated with the preparation of Special Project 
documentation, and to compare the cost of in-house prepara- 
tion versus A&E contract preparation. This was done eioharenl erg 
Semlecting and analyzing data from the Navy Public Works 
Centers San Francisco Bay and San Diego. The result was a 
conclusive finding that a large cost differential exists 
between the two methods of work accomplishment. The cost of 
contract work accomplishment, including the negotiated A&E 
fee and in-house contract administrative and support costs, 
can be expected to be at least twice as high as the cost of 
in-house work accomplishment. This finding was fully sup- 
ported from data collected from both of the PWCs. 

A secondary purpose of the research was to try to 
develop a Step Two preparation cost prediction model. Such 
a model was required in the data analysis portion of the 
research to compare A&E versus in-house costs on jobs having 
different key characteristics. The key job characteristics 
used were the estimated construction cost of the project, 
the number of engineering disciplines involved in the 
project, and whether or not prior job documentation was 


available. The results of this phase of the research 
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indicated that only a relatively small portion of the 
variation in Step Two preparation cost could be attributed 
to the three characteristics chosen for study. This finding 
means that there are other factors than those studied that 
affect Step Two preparation cost. Probable significant 
factors are the quality of cooperation from the customer 
command and the ready availability of record drawings and 
Other technical data. Due to their nature, these two fac- 
tors would be quite difficule to Guanerm weed a stuay @36 
completed jobs. 

As a result of the poor predictive ability of the equa- 
tions developed from the job data the cost prediction models 
are of limited use for management personnel. However, the 
results do provide some information as to the factors affect- 
ing Step Two preparation cost. 

The final objective of the research was to attempt €0 
determine if the size of the job had an effect on the cost 
effectiveness of contracting out. Inconclusive results were 
obtained in this area; at PWC SFB in-house COSt aS a perecewas 
age of A&E cost was constant for both large and small jobs, 
while at PWC SDIEGO the percentage was higher for larger 
jobs. This finding is of some practical help in determi 
whether large or small Step Twos are more efficiene be 
contract out. It does indicate that the in-house seoa- 
involved with contracting work is not a fixed Cos eye me 


varies with the magnitude of the job being done. 
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EB. CONCLUSIONS AND RECOMMENDATIONS 

PiemiiaVvorcsmentnticant finding Of the study is that the 
Sect of Contracting out Step Twos is much greater than the 
cost of doing them in-house. This condition exists for 
two reasons. First, the cost of A&E contracts for Step Two 
preparation is greater than the cost of doing the work 
iemouse. Secondly, in addition to the A&E contract cost, 
a great amount of in-house time is reguired for contract 
administration and support effort. The obvious recommenda- 
tion is that as many Step Twos as possible should be done 
in-house. There are problems with implementing this solu- 
tion, as civilian engineering personnel are difficult to 
hire and retain. With an insufficient number of in-house 
employees the backlog of work would grow larger than it 
already is, resulting in increased customer dissatisfaction. 

A number of alternatives to the current methods of 
contracting and doing the work in-house were provided and 
some advantages and disadvantages of each were discussed. 
Although contracting will likely always be a more expensive 
alternative to in-house work accomplishment, there are ways 
eemm@eaquce the cost of contracting that should be attempted. 
Mhese include competitive bidding, contracting out only the 
cost estimate portion of the work, and having contractors 
Specialize by type of work or by customer activity. The 
key to reducing the costs of the Step Two preparation 


function, as well as the overall cost of the facility 
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planning function, 1S management awareness of the cost oF 
the various types of work that are done in Code 101. Recom- 
mended is an analysis of all Code 101 functions that may be 
contracted out, for the purpose of being able to quantify 
the costs involved. Once the comparative costs between Age 
contracting and in-house work performance are known for the 
different types of work, decisions can be made regarding the 
most effective use of resources to accomplish the Code 101 
mission. A work management system could be established to 
ensure that only the most cost effective use is made of A&E 
contracting. The goal of such a system should be to meet 
the needs of the customer commands while minimizing the cost 


of work performance. 
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the supply chain. Its inefficient utilization 
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